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of preserving the quality of the water in our waterways has been confused 
the minds of manv o1 ount of the use of the term” sewage purifica 
tio to cover methods and processes that do not make the sewage pure 
It is gratifving to observe that there is an increasing tendency among 
nitarv engineers to substitute for the term “sewage purification ” the 
ords “sewage treatment Notably Mr. George W. Fuller has adopted 
this language in his recent admirable treatise on sewage disposal It is 
to bye hoped that its Usé iil hecome veneral It not, the term “sewage 
purification’” will inevitably become degraded as people come to learn, 


as they must, that not all so-called purification plants really purify the 
seWae The term “sewage treatment” does not imply complete purifica 
tion and is. therefore. the more general and the better term 

Using the words in their most obvious meaning, let us ask the question, 
ought the sewage of our American cities to be purified? Generally speaking 
ho lo do so would he enormously) expensive, and In most cases the re 

its accomplished would not be commensurate with the cost Ought the 
sewage of our American cities to be treated in some way before being dis 
cl I ed? Generally speaking, ves There are relatively few instances 

here raw sewage can be discharged into streams or lakes without causing 
objectionable local conditions or dangers of a sanitary character The 
nature of the treatment required will vary all the way from a mere straining 


out of the grosser solids to a combination of processes that results in actual 


We hear it said that in England practically all of the sewage 1s purified 


Is this true? Yes. if it is meant that the sewag 


e is submitted to some pro- 
cess that improves its character: but no. if it is meant that these processes 
completely remove the organic matter and free the sewage of its dangerous 
bacteria For ex imple we like to refer to the interesting sewage works 


at Nlanchester and Salford with ther great sept tanks and contact beds 


purification 
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and sprinkling filters, and we speak of them as purification plants. Do 
we realize, however, that analyses of the sewage effluents show that during 
a large part of the time they fall below the standard of purity established 
by the Mersey and Irwell Joint Committee, a standard that cannot b 
regarded as too strict if we maintain a reasonable meaning of the word 
“pure.” The biennial report of Hugh Stowell, chief inspector for th 
Mersey and Irwell district, dated May, 1912, states that out of 126 sewage 
works 23 per cent were non-efficient, this being an improvement over 
34 per cent as shown by his previous report. At Manchester 22 per cent 
of the samples were below the established limit for organic matter of “one 
grain of oxygen absorbed per Imperial gallon in four hours,” at Salford 
12.8 per cent of the samples were below standard. This is not intended 
as a criticism of English methods of treatment, which, on the whole, are 
well adapted to their particular needs, but merely to illustrate the danger 
of using loose phraseology. 

Or to take another illustration, can the water supplies of our lakes be 
protected by purifying the sewage that enters them? Many laymen think 
so, and ardently advocate the construction of sewage purification plants 
and oppose water filtration. Would they say the same if they realized 
that most so-called sewage purification plants only partially remove the 
dangerous substances from the sewage, and that complete removal is im- 
practicable on account of the expense and the almost insuperable difficulty 
of treating all of the sewage at times of storm. Would not these well- 
meaning people have a clearer conception of the problem if instead of using 
the broad misleading word “purification,’’ we used the term “sewage 
treatment,” or still better, some term that described definitely the results 
accomplished by the different processes. 

With laws being framed in various states to control the pollution of rivers 
and waterways, it is high time that popular misconceptions should be 
corrected and that the different phases of this complicated problem should 
be made clear. In the first place, it should be more definitely understood 
that in the treatment of sewage there are two very different functions to 
be considered. One is to get rid of the foul, putrescible matter with its 
accompanying offensive smell; the other is to get rid of living, disease 
producing organisms. One is very largely a physical and biochemical 
problem; the other is chiefly bacteriological. One does not directly con- 
cern the public health; the other may. In practice, these functions overlap 
but they may be kept separate. 

Is it not the popular conception of the function of sewage disposal plants 
that they are intended primarily to protect the public health? Is not this 
the theory upon which some of the recent legislation is based? It certainly 
appears so. But is this idea correct? Does the treatment of sewage by the 


ordinary process materially improve the public health? Are sewage works 
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These conclusions cannot b better stated than in Mr. Whipple's own wor is, wl | 
not at this time be too often repeated “In view of the stead nereasing tax rat I 
large cities it behooves sanitarians to find out for eacl t n which direction money a t 
to the saving of human lives will do the most good I t! words, how can the most 
be saved for a dollar 

The paper suggests another subject which is too often misundersto namely, t ‘ 


of bacteria from sewerage ¢ffluents 


Now. when we recognize the fact that a large amount of sewage purification ts accomptts 


by bacterial activity, we should not consider it an unmixed advantage to rem ria ‘ 
from a polluted water We might add hypochlorite of lime to the water ind destroy pract 
eallv all bacteria and all putre faction Would the sewage then have been purihed?: By no 
means. Within a few days, if not hours, the same water might again putret) 

We should rather endeavor to creat conditions which increas the number tf bacteria 


lad tion has been effected, and when 


which do the purifying, until the desired degree of puritica 


there being no further food for the hacteria. their extimetion is a natural consequence 


Having this desirable result In view, we must, on the other hand, not ¢ erlook the equal 
desirable result of creating conditions which extinguish all bactet a that are pathogen l 
tunately. most of the latter do not thrive outside of organic bodies and have also other fay 


ible qualities, which in the future may make possible to facilitate their destruction 


are necessal fur sewa ue purineation 


without also destroving the bacter.a whic! 


Dr. Joun A. Amyor, Toronto 
It is t © freque ntlv not realized that sewerage and sewage treatment are two different things 


The costs are usually given out combined. The cest of a treatment plant and afterwards 


maintenance is only a small percentage of the general cost It is from this that sewage treat 
ment Is so « ften erroneously put down as being prohibitive n cost It costs more to main 
tain the sewers of a city than to maintain a treatment plant Phe sewers cost many times 


cities must keep as clean as indi 


more than a treatment plant. The time has come when | 
The most 


viduals and must not any more than individuals dirt) other people's property 


important thing for cities now to reme mber is that their sewage is a disease-carrying material, 

: and that the time has come when other people must not be cattsed t » suffer because they want 
the modern comforts and safety of city lif Chev must pay for it Thev pay high for other 


things, why squeal at this one 


Mr. F. Hersert Snow, Harrisburg, Pa 


Iam not sure whether I understand the position which Professor Whipple takes with respect 


to the importance of treating sewage before the effluent is discharged into a body of water 
lic water supply If he means 


parti ularly running water used subseque ntlv as a soure of pul 


to be understood as maintaining the position that there are few situations where the necessit 
exists for the treatment of the sewage in those cases where further down the stream the water 


then | beg to differ with him in opinion 


is used as a source of filtered supply to the publi 
We have had a number of striking illustrations in Penns inia of the failure of water hiter 


tants to rope riy sewage wators betore they are sup for drinking Purposes 
pro} I | 


to the citizens of the town. Ordinarily, water may be purified sufficiently 1 » render it sa 
and wholesome, but occasionally the filt rs mav be overtaXxe dents ma oceur, or care 
lessness in operation may obtain. resulting in the admission to the public system in the t 
of water containing sewage organisms, follows d by increased typhoid fever among the mm 
sumers These cases ¢ mphasize the imnortance of contr ng the pollution of the water at 
the point when the pollution occurs 

I am perfectly well aware of the fact that if the water purification plant be operated effi 


ciently, if skilled attendants be provided, if the plant be ample in size und no lapse in faithf 
management occurs and if no accidents happen, a ve high degree of protection is afforded a 


such water purification plant 


= 


20 The American Journal of Public Health 


| 

| 

| | 


rewage 


we 
f ti vat 
heat 
i 
not 
t by 
te 
i 
in 
f 
il 
fy 
il 
st te ‘ ‘ 


Treatment 


i 
“wi 
iN 
iw pu 
wastes of wl 
f 4 tr 
i 
i 
i i 
iraina 
Per 
iW 


Vs. 


| Se Purification 521 

Now i 

We must 
\ 
gel | t 

f t hind I 
Rinarian rights to 


222 The American Journal of Public Health 


pertail gt 
that tol tes the 
‘ ealt wit 
nt ect wi i be s 
ting wer tentiona r not 
! I power! ind ims 
f this warfare ‘ nas 
! nm as are pract Surely one barrier only 
ff t \ wl te pts t stop the 
Phe p is that Decter slegen, “kill the germ in the 
1 be apphe t the bed-side ol ery typhoid fevet patient, and there were n 
hing as typi the disease of typhoid could be stamped out immediate! n 
nt nati then be eur tv for the water filter plant so far as removing 
: a geri oF from the water, because the germ would not be in the water 
there ar ne ‘ rue against t h ne «f the germ in the bed-pan if this were 
Da ‘ unst the regulation ompelling nurses in the hosp 
Thad net ‘ sof patients ar of irg ng the necesssit' ipon ill those 
atte : t t nfiect thoroug! the discharges of the patient with 
byect ort the infect the sick-ro« No! There is not a man of us who 
tot iw flare against the enet ind it is on because this 
erat ul ‘ egiect cles pert ed that so much of this pathogen 
tamination gets b the dwelling and into the water supplies and the food supplies of 
try, and maintains the high rate of cases and deaths throughout our land 
Ver we the next be | to } the germ before it gets out of the town is at the mouth 
i the sewer I re ethods of disinfection that re nexpensti\ to ipply frst as to 
ition and as t l operation thereatter, b VT h not all of the germs may be killed 
th which a ree proj thet \ be destroved; thus reducing the danger of wide 
wia etl i | 
iy not be me this wartare against the germ to erect extensive and stly 
vage works to purity f ie t standard of nitrification: the refinement in purification 
rn complished farther down strean tthe water pur fication plant but I would empha 
t his mportar f tr ng smuetl f the enen s power is pract cable bv the treat ng 
tT t! if the sewer mn the rine eSct 
WW ive heard its it ttention to the e1 nment is not necessary or important and 
t cests to t it heay to ttention to water hitratior Now I 
tthe! trae ow advocating are not st nor mpracticable but that thev 
eff mg the es demande the campaign of disease prevention 
M r. H 
‘ ses morning and nfortunately did 


es, however, { s just made by Mr. Snow that this paper suggests first the 
1 bv Professor Whip I cannot agree with him altogether 
tuation h procedure would be that 
~ t t pert lentirelv for the benefit of those whe 
f t nees, for tl ‘ fit of those who may be located within 
» tn une the waters inte which the treated sewerant 
st purposes st d see 


| 
| 


Sewage Treatment vs. Sewage Purification 523 
t that it is made entirely safe, as there are times in the history of all water purification plants 
when the effluent therefrom is below the safety standard 

If a polluted water is being used at such a time, the chances are that the users of such 
effluent will suffer 

Phe speaker has an instance of this in his own mind The City of Wilmington is located 
on the Brandywine River, about thirty miles below the Borough of Coatesville which has a 
population of about 11,000 persons, and which discharges its crude sewage into the Brandy wine 
from which the City of Wilmington secures its water supply 

Wilmington installed, two vears ago, a very efficient slow sand filter, and has operated it 
successfully with the excepticn of a very short period during February of 1912, when, through 
the formation of ice upon the filters, due to the long continual extraordinary cold weather, the 
filters became air locked, to some extent, and the character of the effluent was far below the 
standard, running from 25 b. per c.c. to 2500 per c. 

At this time there was a ve r\ virulent epidemi of typhe id feve pre valent in Coatesville, 
which was unknown to the citizens of Wilmington, and before the knowledge of this epidemi 
came to Wilmington its citizens had become inoculated with it to some extent 

Had Coatesville been treating its crude sewage to such an extent as to eliminate the patho- 
genic germs, Wilmington would not have been endangered even though its filter plant had been 
temporarily working inefficiently 

In the speaker's judgment the citizens of a community have no legal or moral right to pollute 
the waters of a drainage area that another community living therecn cannot use them for any 
purpose desired with perfect safety, prov iding of course the latter community takes all reason- 
able precautions to protect itself from such polluticn and in the light of our present knowledge 
of water purification such reasonable precautions are not such that a highly polluted water 
can at all times and under all conditions be made entirely safe, so that the drinking water 
should not only be purified but the sewage should also be purified of pathogenic germs 
Mr. M. N. Baker, Montclair, N. J 

It is indeed unfortunate that the term “sewage purification” has come into such general 
use in this country. Only a few sewage treatment plants, the world over, attempt to purify 
sewage, the almost universal object being the prevention of nuisance 

In health-protective werk, the constant aim should be to make each dollar save the greatest 
possible number of lives. A dollar spent for water purification and for various other objects 
will usually go farther in life saving than many dollars spent for sewage treatment 
Dr. F. M. Meaper 

I come from a city of 140,000 peopl About five miles distance is a village of 3,500 peopl 
Between my city and this village is a small stream measuring about ten feet wide and two 
feet deep, and flowing at the rate of one foot per second. This stream passes through thirteen 
farms on which are kept 374 cows which supply milk to this city 

The sewage from the village is discharging practically untreated into this stream, The 
question arose, if this sewage contains numerous typhoid organisms, what danger might 
there be to our milk supply? In order to answer this question, we heavily polluted this 
stream with Bacillus prodigiosus, an organism which produces a red pigment and grows 
luxuriously at room temperature. At a distance of one and one-fourth miles below the place 
of pollution a cow's udder was polluted with the infectious material coming down the stream 
Shortly afterward she was milked and the milk incubated at room temperature for 24 hours 
At the end of this period it was found to have a red pigment, showing that if her udder was 
infected from a polluted stream the infection might gain access to her milk, and thus endanger 
the milk supply to which she contributed The conditions, however, were felt to be such 
that the probability of such an infection occurring was more or less remote, but the possibility 
was present, and clearly marked out the line of safety; namely, to clean up the stream or 


keep the cows out of the brook 
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its crude state and this same matter after passage through an oxidizing 
filter, he would be a wise chemist indeed who could give any proper inter- 
pretation to the results of such a stream analysis 

In approaching this problem, it is first necessary, as in the case of any 
measurement, to establish a scale or basis for such measurement. We are 
not dealing, in stream pollution, with albuminoid ammonia, or oxygen 


consumed iis measured hy boiling permanoal ile We ure dealing with 


nuisances of one kind or another. Let these be briefly enumerated. 

There may be a bacterial nuisance, or danger, if water supplies or shell 
fish are involved. If so, our basis of measurement must also be bacterial, 
and not only that, but it must either be directly based upon the kind of 
bacteria which we desire to avoid, or if indirect, must bear some such definite 
relation to the undesirable germs that there can be no possible confusion. 
Even in such a simple matter as this, results of a misleading character are 
often reported. The total bacterial content of an unpolluted up-land 
stream, or of a sewage, stored after thorough disinfection, may vary enor- 
mously, but such variations have no sanitary significance. 

If the removal of dangerous bacteria be one of the purposes of the purifi- 
cation treatment, then and only then is there a logical place for bacterial 
tests in the scheme of analysis adopted. The technique employed and the 
interpretation of the results must both bear recognition of an important 
fact; namely, while the removal of pathogens may safely be assumed to be 
no less complete then the corresponding reduction of total bacteria, the 
latter are subject to a subsequent rapid multiplication, not possible with the 
pathogens. ‘This is especially important in the case of chemical disinfection. 
The time and place of sampling must be selected to obtain the maximum 
effect of the disinfectant and the minimum effect of the subsequent increase 
in normal bacteria. 

(Again the nuisance may be of purely physical character, due to the 
deposit of suspended or precipitated matter. Here also the basis of meas- 
urement must cofform. Quantitative studies of suspended matter have, 
therefore, a direct bearing, but the ordinary “suspended solids,” deter- 
mined by filtration through paper, is of little interest The English and 
German methods of determining “solids capable of settling” give results of 
more immediate value, for they show at least the present character of the 
sewage. Methods are still lacking for determining the rate of change in 
respect to suspended matter. Oxidation changes tend to precipitate 
soluble and colloidal substances, and sea water has a similar effect. Future 
research must attack this problem and must also recognize the time element 
in sedimentation. Strictly it is the “rate of sedimentation,” not the total 
amount of sediment, that must be considered in computations of possible 
nuisance. Solids capable of settling may be lower in total amount in a 
trickling filter effluent than in the corresponding sewage but their rate of 
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settling is verv much greater In a stream they would deposit sooner, or 
vould require a greater current velocity to prevent deposit 
Phe most common and most undesirable type of nuisance ts that which 
mav oceur in polluted waters because of the exhaustion of the natural 
fying power We deal here not with mere pollution, which is inten- 


onal. but with the determination ol the capacity ot the body ot water to 


receive and dispose of sewage without the production of unsightly appear- 
es or unpleasant odors Phe latter are determined bv certain bio-chem- 
reactions, which in their turn are most definitely related to the supply 
lable oxvgen These bio-chemical reactions can. therefore. be 
lel ite mecasures ind thev constitute a true measure ol the hulsance 


Niloreo er, a propel knowledge of this relationship and proper tests ol the 
ro of the effluent make it possible to determine in advance the 
result of at nticipated pollution 


Phe actual seale to be used in making this measurement is, therefore, one 


XVvven Values Che zero point of the nuisance scale may be taken at the 

en conditi of normal unpolluted waters of the particular tvpe in 
restion Phe 100 per cent point of this scale mav be defined for the 
present as the point at which an obvious nuisance exists in the stream. 
Phis latter point is definite in so far as there 1s al present no general con 
nsus of opinion concerning it The available evidence indicates that in 
ShOW-MOVIT Pmndies of ter a definite nuisance will result from the lower 
rf diss ‘ elow per cent. of saturation in the summet 

( \ more definite statement of this matter is not necessary tor the 
yrresent discussior In each individual case there must be a definite point 
vhich nuisance begins and. wherever it be. thus point represents the 


iximum permissible pollution and is the upper limit of the nuisance scale 
It would seem, therefore, to bea simple matter to define any intermediate 


¢ ondit with reterence to these two fixed points, but the matter 


ot quite so tree Trom compli ations The reactions involved are bio 
hemieal mn their nature Lhe proble m deals with progressive changes 
it with fixed conditions at anv one moment It requires for solution the 
tablishment of a fixed point and of the direction and velocity of existing 
nves Lhe direction of the change mav be toward either end of the scale 
ording as the putrefving tendencies or the natural oxidizing agents of 

e stream are predominant The former are now capable of exact deter- 
ito is will be shown The latter depend upon the physical 
iracteristics of the body of water in question, and primarily upon the 
possibilities of re-aeration In a quiescent hody of water re-aeration is 
ilmost negligible and improvement by this means is at a minimum. In 
hallow, swiftly flowing streams the maximum effect is obtained The de- 


ermination of he nagnitude ot re aeration in moving bodies ot water 


onstitutes one of the most important fields of future research in stream 
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pollution. Until this matter is placed upon a strictly scientific basis, the 
capacity of such streams to dispose of organic matter can be known only 
empirically. The absolute effect of the polluting matter upon quiescent 
water on the other hand is strictly determinablk Che methods which 


Black and the writer have elsewhere propose d' are direct and simple 


cation It is assumed in the first place that the well-known mass action law 


ot physical chemistry holds for these 1 


actions, an assumption which has 
been amply justified experimentally Moreover, the reaction being a bio 


che mical one is monomoles to thre mass action law, the 


velocity of such a reaction at constant temperature is a direct function of 
the coneentration of the reacting substances, in this case the oxidizable 
organic matter and the oxygen. The integrated form of the differential 
equation expressing this law becomes, log. ~=KtC, in which O is the 
initial concentration of dissolved oxygen, o the final concentration, t, the 
time elapsing between the two tests, C, the concentration of the organic 
matter, and K the velocity constant of the reaction. For convenience the 
oxygen values are expressed in the unit, parts per million or mg per liter; 
time, in hours, and concentration of organic matter in per cent. of sewage 
by volume in the mixture or in the stream. 

his formulation is not accurate. It is assumed in integrating that ¢ 
the concentration of organic matter remains constant during the test 
his is only approximately true. Therefore, if tests are made at several 
different concentrations of sewage slightly differing values of the constant 
Kk are obtained No general solution of the differential is possible and it 


necessary in each ease to employ il dilution approximate ly equu' ale nt a) 


that which will maintain in practice In its simplest this 


CN Pression 
formula means that over anv given interval of time the putreseibility of the 
material, measured by its ultimate oxvgen requirement, is decreased by a 
stated percentage of its total value at that time Phis loss of putresembility 
Is accompanied by a corresponding loss of a allable oxvgen in the stream. i 
there be no addition of oxvgen from outside Pherefore, if a sample of the 


effluent in que stion or of a diluted sewage be stored in a sealed bottl 


definite temperature and for a definite time, the available oxvgen, whi 
ean he analy ti ally cle ter nined, Is found to cles reuse Phis dee 

be a logarithmic function of the time If then the loss of oxvgen and the 
time be noted in the experiment the equation may be solved for k Ha 


ng thus experini ntallv fixed the velo ity constant of the formula for the 


sewage in question it Is possible to determine the luture course ol the 


reaction at the given dilution and over any desired period of time 


neglecting the re-aeration factor, the result of any anticipated stream 
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ratio until equilibrium is ched. Wk e fo f tl ( 
curve, howeve it suthees to conside ) 
first period | the conditions e su s the 
stream in question will have entered the o i mucl irger stre 
where ample dilution is provided, the oxvgen requirement for 24 hours, as 
determined, need merely be balanced ay mst the ON en resources Ot the 
stream lt m \ he. however. t at SIN FOUTS SUC di will 
be pro ided, or it mav be se eral davs Bi ise ot the tor the net 
requirement, over anv stated period of time, is readily determined Nore 
over.it mavappear that the dilution used experimentally is not that actuall 
lable in the stream \vain within reasonable mutts thre experimental 
results can bye tt insformed to meet the pl ictical requirements ly thre sub- 
s tution of the propel dilution factor ¢ In the ¢ se ot al ett int the 
procedure Is exactly the tiie effluent sufhieres ho 
dilution will be necessary The loss of dissolved oxvgen of the stored 
efHuent will bye noted and thre oxvyeen requirement of the organic matte 
over any period of time and in any other dilution will follow 
Under this procedure it is necessary to look first to the stream rather thar 
» the effluent in the establishment of standard requirements Phe stre 
without re-aeration has a definite quant tv ot a allable oONVYe TI It 


ty decided that this oxvgen suppl shall no ¢ reduced to les thar rn) Ty 


cent. of the saturation value during the irm months If information 
Isa ulable on the rate of re ieration,. this additior il ON enoma rdded 
to the availabl supply in the computatior In the absence of ai . 
formation re-aeration may be left as a factor of satet Start 
defin ite oxvgen availability in the strean nad Known popu Col 
tributing pollution to the stream, the streams pow to ( 
may be divided per rata among those populations, in actual q 
oxygen expressed in any convenient unit, such as pounds per da In eacl 
community then, the oxvgen requirements of the sewage or effluent to be 
discharged must not exceed the available appropriation for that cor 
munity Allotments of this character must be made also for the future 
and not for the present \ voung, rapidly growing communit mav have 
the same rights in the natural resources of the stream as its older and larget 


neighbor It purification is to be demanded and if each community be 


| et 
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restricted to a definite allotment of the available purifving capacity, then 
the small growing community may at the start require no purification of 
its sewage, while its larger sister may reasonably be held to a much more 
severe standard \s it grows the vounger community will gradually use up 
its appropriation and will be forced to partial purification. It should be 
the function of the central state authority to determine these allotments 


and to warn thre Various communities ot the probable requirements ol the 


situation in the near future From time to time the actual oxveen require- 
ments of the wastes of each community should be determined. This ts 
done simply by testing properly collected samples of the sewage and cal- 
culating from the results of this test expressed directly in oxvgen terms, 


and from the volume of sewage, the total oxvgen requirement of the sewage 
in question Phat community which mav be situated nearest to the ocean 
has a we wraphn al advantage which allows the use of a shorter time factor 
In the case of New York Harbor and its tributarv waters for exan ple, a 
period of six hours suffices in many cases for the ample dilution of polluting 
material Phe cities of Albany and Trov, however, discharging sewage 
ultimately into the same body of water would have their oxvgen require- 
ments determined through a period of weeks 


The matter of temperature has heretofore bee: touched upor but lig 


In bio-chemical reactions. however. this is a fundamental facto The 


condition of a sewage measured by its oxvgen requirement has been found 
to change as much as ten fold between early and late spring. In the warm 
weather also water carries less dissolved oxvgen and the biological activities 
upon which all these results depend are enormously increased. Therefore, 
in all this work, summer conditions of temperature and stream flow must be 
considered. It is useless to make calculations under any other conditions 
If summer conditions are adhered to the results will be satisfactory through- 
out the vear. In determining the stability of a sewage or an effluent in the 
laboratory the work should be done at a temperature of approximately 20 
Higher temperatures have been suggested and in routine studies of sewage 
effluents these may be used with the understanding that thev are indirect 
and must be frequently checked against the 20° result. All final expression 
of oxygen requirement must be referred to the 20° temperature, which 
most nearly approximates the summer temperature of streams. Not only 
is the velocity of the reaction increased at higher temperatures but the 
character of the active organisms is altered and there is no necessary 
constant relationship between the results at these two temperatures 
Results can be obtained in a much shorter time at 37° and if these be fre- 
quently checked against the standard conditions their use is permissible 

In advocating this direct method of treating stream pollution problems, 
the writer makes no claim to originality, except in that he has brought 


together methods and ideas from various independent sources. The 


| 
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mathematical treatment of the subject is one familiar to physical chem- 
ists. The analytical methods that are advised have long been used 

In 1870, Doctor Edward Frankland published detailed experimental 
results based upon the analytical determination of oxygen absorption in 
incubated samples. Frankland states! “Whether we examine the organi 
pollution of a river at different points of its flow, or the rate of disappearance 
of the organic matter of a sewage when the latter is mixed with fresh water 


and violently agitated in contact with air, or finally the rate at whicl 


solved oxygen disappears n wate? polluted with ent sewage. we are 
led in each case to the inevitable conclusion that the oxidation of the 
organic matter in sewage proceeds with extreme slowness 

The italics are mine 

Frankland also refers to similar work by Sir Benjamin Brodie, published 
in 1886,° Spitta® in 1900 published two papers upon the self purification of 
streams. He showed that in a polluted water, meubated, the oxvgen 
absorption was dependent upon the avatlabilits of the organic matter as a 
bacterial food He experimented with asparagin, ammonium-lactate, 
urea, dextrose, and cane sugar. Spitta makes no claim of originality for 
the analytical procedure which he uses and which is identical with that 
proposed here He refers in identally to similar work bv Gerardin. 1875 
and by Reichard, 1875. Letts reported similar « Xp rimental work without 
making special comment on the analytical methods emploved, which were 
evidently not new with him, and Adeney,.® MeGowan? and various othet 
workers of the Royal Sewerage Commission of Great Britain have used 
the same methods. The use of oxvgen absorption as a measure of the 
character of organic matter, is a matter of so long standing and of suel 
general common knowledge that citation of original authority is as unneces 
sary as claim of originality would be futile Nevertheless, Clark points 
out that the method which is here proposed for dealing with this general 
problem and which was first published in the report on New York Harbor, 
previously referred to, cannot be original since he made oxygen absorption 
tests in 1900, and that so far as he is aware such tests were original with him 
It is perhaps unnecessary to add that this well-known method of investiga 
tion is merely a useful tool in the work which is here proposed The first 
serious suggestion to utilize oxvgen absorption as a criterion of sewage 
strength and of the work of a filter, so far as the writer is aware, was made 


by McGowan’ although Adeney® had paved the way for this suggestion b) 
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P ~ 
\ 
Lower I 
f ow 
End 
I r Ba 
End of ) 
End of el 
Hudson to 9¢ 
End of flood 
End of ebl iS 
East River Mouth to Hell G 
End of flood 
End of ebb l 
Hell Gate to Throg’s Neck 
End of flood, 71 i 
End of ebb, SI 


Qur computations refer to the areas indicated in the table, while the 
Commission's figures are necessarily for cross-sections. In each case 
the value for the area in question at the end of the flood is compared with 
the average figures for flood and ebb at the cross-section down stream 
from the area in question; and at the end of the ebb with similar values for 
the cross-sections up stream from the area in question In the single case 
of the Hudson River to 96th Street at the end of the ebb there were no up 
stream data available. The figure given is the average value for the ebb 
flow at the mouth of the Hudson. Obviously the character of water re- 
maining in this section at the end of the ebb is worse than the average ebb 
flow, a fact which is indicated in the discrepancy of these two figures 
With one single exception, the remaining figures show a striking agreement. 
There is evidently something wrong with our values at the region of Hell 
Gate, which has influenced the computed value of the ebb waters below 
Hell Gate and the flood waters above. It might be suggested that there is 
an influence of the Harlem River shown here which was not properly 
taken into account in our computation. 

The agreement between the computed and the actual values, although 
gratifying, is of itself of little practical moment. Its value lies in the fact 
that it demonstrates the substantial accuracy of the methods which have 
been used in the analysis of this problem and makes it possible to use this 
same method in computing the probable effect of further increase in popu- 
lation, or of the discharge of additional quantities of sewage from regions 
not now tributary to New York Harbor. In this way the writer has 
computed the effect of the discharge of sewage from the proposed Passaic 
Valley sewer and the satisfactory results shown above give reasonable 
assurance that these computations, based upon the same general formula 


and hypotheses, are substantially accurate. 


| 
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SUMMARY. 


Bacterial tests may be used to measure the results of disinfection treat- 
ment, whether it be by biological or chemical means. Determinations of 
‘solids capable of settling,” including matter that may be precipitated, 
and especially the “rate of sedimentation,” are needed when sedimentation 
is a factor in stream pollution 

Phe quantity of organic matter present in a sewage or effluent or in a 


pollute d stream Is In no sense a measure of the effect of that organic matter 


upon the stream Phat effect can best be measured and expressed in terms 
ot oxvgen requirements Since the oxvgen rea tions are progressive, the 


ittement of oxygen requirement must be made for a definite period of 
TL Chis requirement may be determined experimentally in the labora- 
torv by noting the rate of decrease of dissolved oxvgen in an incubated sam- 
ple, diluted if necessary, and by making the proper substitutions in the 

iss action formula which has been found to apply to this case The ulti- 
ite oxygen requirement of the sewage of a community expressed in 
wounds per day may then be balanced against the available oxygen re 
sources of the stream into which this sewage is to be discharged, and the 
resulting figure will show the effect of such discharge upon the dissolved 
oxygen of the stream. If the effect is to reduce the dissolved oxygen of the 
stream below the permissible point, further purification is indicated. If two 
or more communities are contributing to the same body of water the total 
oxygen of the water may be apportioned in an equitable manner between 


them. In all these computations, summer conditions of temperature and 
stream flow must be assumed and in each individual case the time factor 
of the formula must be made to « orrespond with the time required for the 
body of sewage in question to become sufficiently diluted in an increasing 
volume of water to carry it safely he vond the danger point, The exami- 
nation of crude sewage is of value in experimental studies of purification 
methods but the absolute quality of the effluent alone effects the stream, 
regardless of the relative improvement 

Chemical analvsis of a sewage or effluent conveys no information that 1s 


at all commensurate with the labor and cost involved. The interests of 


economy and scientific accuracy demand that the routine analysis be 
replaced by tests, having direct bearing upon the particular case, and 
interpreted in the light of full knowledge of the volume and physical and 
chemical characteristics of the hody of water into which the effluent flows. 
Sanitary Research Laboratorie 
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THE SKILLED SUPERVISION OF SEW- 
AGE PURIFICATION WORKS. 
HerBerT Snow, 
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INTRODUCTORY STATEMENTS 


This paper is not intended to be more than a rough outline of facts which 
obtain relative to the necessity for skilled supervision over the operation 
of sewage disposal works 

The term “sewage,” in the sense used, applies to all domestic and manu- 
factural wastes conveyed away from the premises by water carriage 

The terms “sewage purification plant” or “sewage disposal works,” 
as herein used, apy lv only to works designed and built for the treatment 
of a considerable quantity of sewage. Night soil disposal and percolating 
cesspool methods are not included, neither is a sub-soil irrigation lay-out, 
unless it be of sufficient size to demand the services of an engineer to design 
and construct it. Sewage works may also include the sewers of a system 

For purposes of discussion, sewage disposal works may be divided into 
four classes; first, the town plant to serve the city, borough, township, 
village or hamlet; second, the hospital or institutional plant: third, the 
plant for a private estate; and, fourth, the plant for the industrial estab- 
lishment in which trade wastes are handled. 

Also for convenience it is premised that the sewage works have been 
properly designed and carefully built and are capable of performing the 
work put upon them, provided the plant be properly operated. The 
majority of plants are not properly operated, nor properly designed and 
built. 

With respect to all four classes of plants, it will be agreed that lack 
of attention to the proper operation thereof will result in failure, sooner or 
later. In consequence there may follow a nuisance or a menace to health, 
or both; but always a failure means a waste of money. It will also be agreed 
that attention to the operation of sewage works if applied with lack of 
comprehension of the principles involved is more than likely to result 
in failure and waste of money. These conclusions apply with particular 
force to the town and trade waste disposal works; to town sewage works 
because of the large volume treated, the extensive scale upon which the 
works are laid out and the far-reaching results likely to accompany mis- 
management and failure; and to trade waste disposal works because it 
would be the height of folly to employ expert chemical engineering and 
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provide a plant for the treatment of the pec uliar wastes In any instance, 
whether the object be a sanitary accomplishment or a profitable reclama- 
tion of ingredients, or both, and then to neglect to give it the necessary 
expert attention thereatter 

The citizens of manv of the states of the Union have determined it to be 
good public policy by statutory regulation to provide for the abatement of 
nuisances and the protection of water supplies and in the furtherances of 
this policy to establish central control of water and sewage works. What 
can be the sense in enforcing these laws where the constructing of sewage 
purification plants is involved if such plants when built are not to be efh- 


ciently operated and maintained? 


NEGLIGENT OPERATION OF SMALL PLANTS PARTICULARLY NOTABLE. 


Now with respect to the hospital or institutional plant and the plant 
for a private estate, while it is true of both that neglect in operation speedily 
results in a nuisance, it is particularly true of a private estate. Engineers 
of high reputation avoid and not infrequently refuse absolutely to have 
anything to do with the designing or building of a sewage disposal plant 
of this class Where there is positive assurance worthy of acceptance 
that the plant will be faithfully operated, the engineer may furnish the 
plans, superintend the construction, and, leaving written instructions cov- 
ering operation, depart feeling reasonably certain that the results will 
prove satisfactory to the owner and to himself. This exception is a rare 
one. Usually the plant is neglected, failure comes, the engineer is blamed 
and the profession suffers. No wonder then that an engineer careful 
of his reputation is cautious about having anything to do with disposal 
works for private estates and that this class of service has been taken up 
largely by contracting firms and corporations. Companies of this kind 
have circulated descriptive pamphlets of sewage disposal works adapted 
for private estates or hospital installation. Thousand upon thousands of 
such works have been built under guaranty of successful operation; but this 
guaranty may be fixed to expire well within the period subsequent to which 
. failure is inevitable. In consequence not a fatal but a serious blow has 
been delivered against the popular acceptance of modern methods of sewage 
purification. Prominent citizens because of unhappy experiences with the 
disposal of sewage on their own estates, have exerted their influence with 
voters against the proposition to increase the municipal bonded indebted- 
ness to defray the cost of building a system of sewerage and sewage dis- 


posal for the town 


Wuat Proper Arrention ror Eacu Crass or PLrant May EMBRACE. 


It is feasible for proper attention to be given to the operation of all four 
classes of plants; it is also feasible to provide constant skilled attention 
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for the town and industrial plant, but it is not necessary for the hospital 
or institutional plant, or for the plant on the private estate. 

For the private estate, an occasional inspection by an expert and his 
written instructions to the owner or operator should be sufficient. 

For the hospital or institutional plant, occasional inspection by the 
expert, supplemented by such supervision as he may give in writing after 
looking over the reports of daily operations of the plant furnished to him 
weekly or monthly by the attendant in charge should be sufficient. Under 
such supervision, an attendant of ordinary intelligence should be compe- 
tent to secure satisfactory results. By this system of skilled supervision 
over the work of the daily attendant in charge, all the care necessary may 
be provided. The frequency of the expert’s visits and of his perusal of 
the reports of daily operations, and the nature of his written instructions 
must depend upon the size of the plant, its type and location. 

For trade wastes disposal it is quite probable that the situation may 
demand an expert in charge. 

For the town plant (which class covers a range from the real-estate 
development scheme—in its beginnings perhaps properly belonging to the 
institutional class—to the sewage works for the largest city), where the 
works are for a large municipality, constant expert attendance, a labora- 
tory and the making of daily tests and records are required. It is a 
question where the line should be drawn between works demanding con- 
stant skilled attention and those demanding no constant skilled attention. 
This question must be arbitrarily determined. The type of plant, the 
work to be accomplished whether the object be the prevention of a nui- 
sance or the protection of a public water supply—the size of the work and 
amount of money involved, all are factors of greater or less value, varying 
at different sewage works, which must be considered in reaching a rational 
conclusion as to whether skilled supervision shall be constantly employed 
on the premises. 

For a small town plant, situated on a small stream above a water works 
reservoir or intake, where the high degree of purity demanded and, where 
the local topography and geological formation precludes the use of any 
but works of the type that easily fluctuate in efficiency 40 per cent. on 
temporary neglect or oversight in operation, it is obvious that responsi- 
ble skilled supervision must be employed. 

The same is true with respect to the plant for the village or hamlet; 
but in these latter places the amount of money involved is small and the 
financial ability of the users of the sewers would be proportionately over- 
taxed were a skilled attendant to be constantly employed on the premises. 
Hence, satisfactory results must be secured in some other way. It is not 
alone a question of efficiency in results but also a question of finance. 

In small communities the question as to the feasibility of sewers at all 
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is Involved Possibly, cesspools and privy vaults and control of night-soil 
disposal are methods more practicable. 
On the other hand, there might be a large town amply able to employ 


constant expert service where the object of the sewage works the pre- 


vention of a nutsance—involves largely the question of sludge disposal. 


In a tvpe of plant adapted to the accomplishment of this objec t. the kind 


of expert supervision over the man in daily charge required for the indi- 


wiuat estate ma he sufficient 
Wity SKILLED SUPERVISION SHOULD E COMPULSORY 

Phe question hether constant skilled supervision shall he emploved 
must be determined by the local authorities primarily, or if such constant 
ipervision be necessar though lacking, then the state authorities must 

e power to compel its employment, by the municipality, the corpora- 
i n or the madividua If the state exercises its power to compel this 
service then it follows that it might well exercis« power to regulate the 
minimum compensation of the skilled employee, to assure the class of 

we demanded 

In most states there is no such thing as legal engineering or state super- 

on of engineering or of the relation of the engineer to the Commonwealth, 

et disereditable to the profession in the minds of manv of its members 
in nc estin or 

Dake lor example ase of water works Management ntil re ently 
the courts seemed to support water companies the contention that a 
bonnie bly pure and wholesome water meant the best water obtainable 
7 ts natural conditior But the art of treating and purifving water 


on ndet it reasonably safe for domestic uses h is advan ed to suc h astage 


that mumieipal and pr te corporations engaged in water works business 
‘ compelled now to take cognizance of these facilities However. a 
vate filtr: tion plant subject to breakdown Furthermore. even if 


properly cle signed ind built, vet hy careless om ration and negligent 
intenance a partially purified water mav be admitted to the water 
rks svstem and in this manner and because of this possibility there is 


risk and menace to }) iblic health where the source of supply is polluted 


with sewage As a rule mechanical water filter plants are not operated 
men tr ined t} e purpose Is it sufhi nt that t} e town authorities 


or the company that furnishes a polluted water to the public shall be 
COl Tt ted ot committing a crime punishable by a severe penalty where 
such occurrence could have been avoided by reasonable precautions ? 
No! most emphatically 7 The people want protection—not penalties 

and it is for the people to determine whether by law it shall be compul- 
sory to place in responsible charge of water works and sewerage systems 


and sewage disposal plants men spec ially trained for the purpose. Our 


— 
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technical schools and universities are turning out graduates qualified to 
assume these duties. It is within the power of the legislature to place 
under the control of the proper state department the regulation of the 
class of attendants put in charge of these works. 

Building contractors, plumbers, manufacturing corporations, railroad 
and transportation companies, doctors and lawyers are under state regu- 
lation. The engineer alone remains without the pale of state control. 
There is no argument whatsoever in support of this situation if the regu- 
lation of affairs of other professions and trades be good public policy. 
There is a growing sentiment in several states in favor of the enactment 
of law, and it should be as uniform as practicable, making it compulsory 
for public authorities having charge of water works, sewerage systems 
and disposal works and other public works, to empioy on those works 
only such engineers and attendants as have been certified by the state 
as competent. Why so many comparatively trivial matters should be 
regulated by state law and vet so important a thing as the constructing 
and operating of water works and sewerage systems and disposal works, 
dealing as they do so intimately with the health of every individual of 
the town, has meantime escaped the attention it demands, is accounted 
for perhaps very largely by the fact that engineering is a new profession 
and that it has had hardly time to ponder the problems of its own exist 


ence as the older professions have done. 


STateE CONTROL INDISPENSABLE THOUGH SUPPLEMENTARY IN CHARACTER. 


It is settled then that there must be more attention given to the oper 
ation of sewage works if efficiency and economy are to be achieved, that 
either constant skilled supervision or occasional skilled supervision is 
required, and that state control to some extent is indispensable Hence 
the question arises how far should the state go in exercising supervisors 
power over the operation of sewage works. 

In a number of states sewage purification works are rarely built except 
under compulsion. In Pennsylvania the commissioner of health decrees, 
under agreement of the governor and attorney-general, when sewage 
works shall be built and the municipality, corporation or individual, 
recipient of the decree may appeal to the courts from the de¢ ision and 
decree of the state authorities, and the order of the court is final. The 
point I wish to make is, however, that the initiative rests with the state 
health authorities, men fitted by training and experience determine what 
is prejudicial to the public health and wherein the interests of the public 


health must be conserved, since no other than men of this type are com- 


petent to perform this professional service. To offset the possibility of 
arbitrary judgment becoming tyrannical, appeal to the courts ts provided, 


but whether or not the court be the final agency through which the power 
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the very foundation for accurate knowledge. Where such registration is 
brought to the highest proficiency, the greatest progress in efficiency and 
economy will occur. 

There should be uniform registration of data relative to sewage-works 
management and operation. To accomplish this result there must be 
compulsory obedience to the reasonable requirements of law or infliction 
of a penalty in cases of violation of the law 

One of the important subjects which sheuld be included in a standard 
curriculum prepared for technical colleges, is statistics relative to water 
works and sewage works. Their value, the methods of their utilization 
and the manner in which they touch at so many angles in our complex 
system of social organization make it imperative that the student of 
sanitary engineering and of economics should be thoroughly familiar 
with the subject. The collection of these data is a public duty and this 
implies and emphasizes the necessity for skilled supervision of sewage 


purification works. 


CHEMICAL AND BAcTERIOLOGICAL Data NECESSARY 


So we see that where skilled supervision is, there is collection of data 
also. Should there be chemical and bacteriological analyses as a part 
of the statistical data of operation? Yes, from a general standpoint; but 
both should be dictated as to nature, extent and frequency, by local con 
ditions, of which there is a wide range. 

By whom should these laboratory tests be made? Naturally the state 
should make some tests directly and others indirectly by regulating what 
a local laboratory report should cover. The town laboratories erected at 
or maintained in connection with the sewage works and other municipal 
departments would naturally be employed also. The private laborator 
may be called into requisition, as at an institution or occasionally for the 
individual plant owner, or the small town 

The type of plant and local circumstances must determine the kind of 
test to be made. 

a) For instance, where the problem is one of sludge disposal and the 
dilution of the liquid to obviate a nuisance, physical tests should be made 
daily, weekly, or monthly, to determine the amount of suspended solids 
in the raw and settled or treated sewage, measurements of the volume of 
sewage treated and of the river or body of water into which the effluent 
goes should be made and also simple chemical and bacteriological tests 
to roughly indicate the work performed by the artificial process as a prac- 
tical aid to Nature’s process of purification in the river 

(b) Where the object of the plant is to protect a public water supply, 
more data are required. Chemically, it is desirable to know, with respect 
to the solids treated, the amount suspended in the raw sewage and the 
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amount removed therefrom—first, in the tanks; second, in the filters; 
third, in the resettling tanks; and the amount remaining in the effluent, 
if any; also the condition of the solids, whether organic or mineral, putres- 
cible or inert 

With respect to t 
analyses of the raw sewage, of the filtrate and of the effluent from the plant. 


( liquids treated, it is desirable to have bacteriological 


Presumptive tests are not sufficient; actual counts must be had for compar- 
ative purposes. Often local conditions must determine whether to exam- 
ine the raw sewage or filtrate, but it is always important to examine the 
final effluent It is usually helpful to know the efficiency of the filters, 
tanks and sterilizing process, as units. There should be colon determin- 
ation for the final effluent, also putrescibility tests whenever a chemical 
yermicide is used 

Not infrequently at institutions and hospitals is to be found a laboratory 
easily adapted by the resident chemist or pathologist for sewage analyses. 
Phis scientist can make the simple tests at the plant daily and the more 
complex ones less frequently; but for the private estate simple chemical 
and bacteriological tests every month may be sufficient. Local conditions 
must control 

For the town, the simple tests should be made daily and the more difficult 
ones daily, weekly, or as advisable, depending upon the size of the works 
and other controlling circumstances. 

For trade wastes disposal, the whole object sought may be the profit- 
able reclamation of ingredients, or it may be largely a matter of avoidance 
of a nuisance, or it may be directly or indirectly the protection of the 
publie health; directly, as where anthrax infection of a public water supply 
comes from a tannery; indireetly, as where paraffin, or creosote, or acid, 
or coloring material, in raw water operates to render water filters inefficient 
to the prejudice of the public health, thus interfering with a necessary 
and important and all-essential use of waters that in their natural state 


are potable 


ONCLUSIONS. 


The art of water purification is not keeping pace with the increasing 
pollutions of the sources of water supply in some districts of certain sections 
of the country 

Chere are few real experts in America, or in any other country, 
competent to approximate an opinion of great value relative to the 
comparative wholesomeness of different natural waters used as sources 
of public supply Do not misunderstand me. There are hundreds 
of trained minds experienced in water works and water purification com- 
petent to give a conclusive opinion as to the relative quality of waters 


with respect to color, turbidity, softness and bacteriological and mineral 
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constituents, who are perfectly competent to devise works and erect the 
for the conservation of supplies and for treating turbid or polluted water 
to render it clear and sparkling and reasonably free from microérgani 
life: but there their knowledge as experts ceases 

The doctor who observes the state of health of his patient may be a 
skilled enough diagnostician to reasonably satisfy himself that the water 
obtained from the public supply is injurious to this particular individual 
although the majority of the citizens of the town getting the same public 
supply are apparently not injuriously affected. It is a well-known observa 
tion that some individuals, to keep healthy, must have water to drink that 
is free from much mineral matter, and that other constitutions can stand 
waters heavily charged with minerals. In a city the number of human 
beings susceptible to the injurious influences of a hard water may be large 
and vet escape attention. Generally speaking, foreign matters in natural 
waters are not useful or helpful to the animal economy Attempts to 
neutralize them by the addition of more chemical are countenanced in 
modern methods of water treatment. The water chemists of the country 
are a unit in support of the statement that the use of chemical coagulents 
and germicides in the treatment of public water is not injurious to public 
health. Probably we can all agree that the natural mineral constituents 
of a public water supply need not necessarily condemn the source, where 
there is no choice as to source or potabilits ot the water 

We all would prefer a clear, soft natural water, comparatively free 
from mineral constituents and organic life It is impossible to obtain 
such water in many places, and artificial methods have to be resorted to 
The proposition which I submit is that it is better to keep foreign ingre 
dients out of the natural waters, if this can be accomplished by a feasible 
plan, more particularly with respect to ingredients discharging into sources 
of supply from industrial operations and sewers. The baneful effects 
of trade waste pollutions may he readily manifest to the senses of sight, 
smell and taste. The baneful effects of sewage pollution are sometimes 
strikingly manifest in a startling outbreak of typhoid or other epidemic 
of water-borne origin. The bacteriologist will state how many sewage 
organisms may be found in a given volume of the raw water. He may 
find the sewage organism in a cubic centimeter, or he may find it present 
in three, five or ten cubic centimeters He will not guarantee that the 
typhoid germ is not lurking in the supply, even though he may not be 
able to detect it in his sample 

Within the last few vears, with increased knowledge attained by obser 
vation of the working of water filters of different kinds, has come lack of 
that absolute confidence previously extant in the ability of the filter to 
remove harmful organisms. Today, hardly a filter plant in the country 


is being operated, regardless of tvpe of plant, without the use of chemicals 
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THE SLUDGE PROBLEM. 


LANGDON PEARSE, 


( hicago, Ill. 


To maintain clean waterways, free from general or local nuisance, at- 
tention must be paid to accumulations of sludge, since the heavy material 
coming from sewers and industrial plants will usually be deposited, as soon 
as conditions permit, in banks of varying extent, which may decompose 
am off disagreeable lors, even though considerable dissol ed oxveen 
be present. 

The topic here considered is the relation of sludge deposits to nuisance 
and the cure thereof. The effect of continued discharge of settling sus- 
pended matter into waterways will depend on the dilution, the velocity of 
flow in the water course, the dispersion, and the character of the suspended 
material. From the standpoint of nuisance, the physical conditions of 
the place of discharge may be classified (1) where the deposits are always 
under water and (2) where the deposits are exposed during part of the day, 
by tides or the lowering of water in a mill-dam. From the hydraulic 
standpoint the division may be made of (1) velocities sufficient to prevent 
deposit, 2 depositing velocities, and (3 quiescent conditions The dis- 
placement of a tidal prism is comprised under the preceding heads 

In general, several alternatives are possible for relief, either (1) dredging 
out the deposits at intervals, or (2) diverting the sewage by a bypass or 
intercepting sewer and outfall to some point where the discharge may not 
he objectionable, or (3) preventing the formation of the deposits by the 
actual removal of the suspended matter by screening, sedimentation, or 
more thorough purification. To settle the course to pursue, not only the 
cost but the possibilities of nuisance and the desirability of good appear- 
ance must be considered. In other words, effectiveness and cost should 
be balanced to suit the physical conditions of the locality. 

On the subject of sludge accumulations and their effect on the overlying 
liquid but little quantitative data exists. Most of the recorded observa- 
tions are qualitative in the sense that many observers report that a great 
nuisance has existed where sludge banks were permanent and that dredging 
out the material improved conditions. Considerable attention has been 
given in many cases to the study of the extent of deposits, as, for instance, 
the description of the sludge nuisance in the Back Bay Fens in Boston, 
detailed by Mr. John R. Freeman in his report to the Charles River Dam 
Commission in 19038. The nuisance there was so marked and the ce pos- 
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ts of sludge so large for a small stream (in amount one fourth the entire 
pacity of the basin) that extensive dredging was recommended and the 
moval of the sewage by means of sewer extensions In the case of the 


Providence River in the city of Providence, R. 1., a varving degree of odor 
as been commented on by the State Board of Health and by the city 
vineer, Mr. ¢ lapp Dredging has relieved conditions very markedly 
Ithough some of the same material still enters the stream No exact 
easurements or details, however, have been given 
In the report of the Sanitary District of Chicago, October, 1911, the chief 
vineer, Mr. George M. Wisner, has described conditions of the fill in the 

nain channel of the Sanitary District and given analyses of the same. 
Che analvtical data shows a rather heavy material compared to the sludge 
found in sewage disposal plants, resembling more nearly a grit chamber 
udge than a true sewage sludge. The effect of the sludge on the water 
passing above in the canal is detrimental although quantitatively difficult 
to express. From the most marked sludge deposits just above the power 
ouse, considerable ebullition of gas occurs in the summer, and even in the 

nter, which helps in maintaining the oxygen content at a very low level. 

In portions of the canal near the city studies have been made on the dis- 

tribution of oxvgen in the cross-sections and a difference has been noted 

wtween the content at the top and the bottom, the bottom usually being 
wer. Some variation has also been found between the two banks before 
1ixing is complete, a distance of four to five miles Where the oxvgen 
ontent is low the distribution through the section is practically uniform, 
omplete mixing having taken place 

Che presence of large sludge deposits and scum in the arms of the Chicago 

River, known as the Stock Yards slip or Bubbly Creek, is responsible fora 

condition of nuisance and degree of odor which might not occur to such 

degree could the suspended matter be kept moving and even partially 
oxvgenated Dredging has been carried on at times 

In New York Harbor, reference has been made to sludge deposits in 
the report of the Metropolitan Sewerage Commission and comment has 
been made on the indications of oxygen in the lower lavers of the water 
through the presence ot a reddish surface on the black sludge. This phe- 
nomenon indicates the oxidation of the ferrous sulphide. This has also 
been observed in experiments in the laboratory of the Sanitary District 

Chicago where several inches of sludge were placed in the bottom of 
shallow jars. the liquid above containing oxygen. 

\ few quantitative experiments, made by Mr. Harry W. Clark, are given 

n the report of the Charles River Dam Commission, 1903, in which 2 gms. 

of mud or sludge were placed in half-gallon bottles full of fresh water, or 
salt, and the reduction of oxygen was followed. In five days the oxygen 


fresh water was reduced to an average of 61 per cent. saturation from 
| 
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an initial complete saturation, the extremes being a reduction to 81 per 
cent. and 33 per cent. saturation (n experiment was also made, with 
continuous flow, using 9 inches of mud in a tank 12 feet deep, the liquid 
being at first 5 and later 7 per cent. sewage. In general, the surface lavers 
contained more oxygen Comment is also made on the production of 
odors in tidal waters by bacterial reduction of the sulphur compounds in 
sea water. In the examination of the conditions in the Fens basin, referred 
to previously, it was found that hydrogen sulphide was formed which rose 
through six feet of water No oxvgen was found below a surface laver 6 
inches deep 

On the absorption of oxygen by sludge some interesting comments have 
been given me by Mr. Almon L. Fales, supervising chemist of the Sewer 
Department in the City of Worcester In 1908, he conducted some ex 
periments on the aération of sludge and liquid in a tank holding 1,500 
gallons and found that in the early period of the experiments it was neces 
sary to aérate several times a day but later once in twelve hours proved 
sufficient. It was also observed that the dissolved oxvgen disappeared 
much more rapidly in the laver just above the sludge. Occasionally after 
twelve hours or less had elapsed after aration the dissolved oxygen would 
be exhausted in the laver just above the sludge while the top liquid would 
still contain as high as 25 per cent. saturation. After the experiments 
had been continued for three weeks it was found that the liquid just above 
the sludge lost all dissolved oxygen in twenty-four hours while the top liq 
uid showed 125 per cent. saturation. The super-saturation was caused by 
the propagation of chlorophyl-containing micro-organisms which gave the 
liquid a greenish tint. Similar phenomenon can be noticed at times in 
streams of intermittent flow where the dilution is not sufficient to prevent 
nuisance. 

In shallow windswept waters, sludge deposits may prove a greater source 
of odor, owing to the constant agitation of the waves. An experiment in 
our laboratory has shown that any disturbance of sludge under water is 
undesirable from the standpoint of prospective odors 

Of the remedies at hand, dredging seems to be in general but a temporary 
expedient, aside from its value in cleaning up offensive conditions. It ts 
temporary in the sense that the operation has to be repeated at intervals 
and does not offer any permanent relief in the intervening period when con 
ditions may develop, according to the amount of dilution, which will pro 
duce nuisance. This might roughly he compared to the development ol 
septic conditions in a sedimentation tank between the periods of cleaning 
In the case at hand the periods are necessarily long Unless a hydrauliv 
suction dredge be used and large space be available for the ponding of the 
sludge, it may be difficult to remove all the material which should be classed 


as sludge. With a dipper dredge probably only the nore gritts mate rial 


be removed ch improved thereh 
The composition of sewage sludge, as found in sedimentation tanks of 
rious tvyp. raunves trom a@ specie gra of 1.01 to 1.06 and seldon 
eeds LO, the ( ng tro So to Yo per cent This si 
Lhe oniv permanent re med Is to remove the sources of the trouble cl 
pore t tine lormatiotr construction of bypass or ial 
reepting sewet nd outfall may relieve the situatio1 low ind remove 
discharge to pomt where further attention mav be required in the 
Lov consideration will, of course, govern such actio lo pre 
leposits, the re of the settling suspended matter is the ke 
Phe dilution a however, ma require further treatment 
res yo is available ere the areas tributarv are relativelv small and 
e sewage fresh, and case screening be not sufficient, various stvles of 
ntation tanks either of the single or double deck tvpe can be used 
to advantage The sludge will be ret&ined in them and in addition an 
mprovement Of the suid made thereby of added benefit 
[It is difficult to state any hard and fast criterion that will cover all cases 
The amount of dilution affords one key I would suggest, that where a 
ream Is large and the dilution great. so that oxvgen is ilwavs present toa 
h degree except in the vicinity of the sludge banks, dredging may prove 
ippropriate remed This is particular! true when the velocities of 
ow are sufficiently high to keep the settling material moving at other 
ports Possibly the deposits might be remo ed and their place filled with 
fine, inert material. such as gravel or sand, in order to keep a uniform 


oss-sectiol ind rere ent thre formation ot banks in places of low velo ity 


Where the oxvgen content is low, particularly in the summer time, and 


en exhausted, it would seem as though the dredging of sludge deposits 
Vas t best but temporary expedient and strictly of benefit onlv as a 
stream cleaning process, preparatory to putting in operation efheient set 
tanks or sere ing devices which will remove the settling suspended 

There hes the permanent remed) 
question Ot cost ts largely ndent on loca conditions, and in 
iv CASES the relative costs of the methods outiined mav not control, 


conditions ot frequently mist bye removed and prevented 


nv reasonable cost { omparison, on the basis of the cost per cube 
rd of dredging and of sludge collected in tanks, is difficult Roughly 
spDeakKiIn pel cubic vard of material handled. dredging has the lower cost 
price The total annual cost pel cubic vard of sludge colle ted in a sedi- 
mentation plant, with Emscher tanks, would be considerably higher 
The effectiveness and scope for application of sedimentation plants is, 
however, quite distinct from that of dredging 


| he conclusions are 


0 The American Journal of Public Healt] 


The Sludge Problet 


1. Sludge deposits may fo vhen velocitis var 

» The effect of sludge deposits Is gove ed somewha 
Nuisance mav exist locally, even though the dilution be verv great 

§. Sludge deposits will use up oxygen from the supernal nt 

remedies are ay nilable. dredging, bypassing the 
the removal of s ispended matter before fiscl ure 

Dredging Is th ent as a cleanmy-up process It Is not a 
remedy. in that 1t may not reach all m te? IS ited at 
intervals 

6. B passing the localitv is a tempor expedient, Which ma rm é 
present conditions and perhaps cause troubl ter elsewhere 

~ The removal of suspended matter by screening or sedim¢ Is 
effective und of permanent set ‘ 

Screenimg will remove the coarse the resuits 
verv largely on the character of the sewuaut 

9 Sedimentation Wil remove pract Line it 
matter 


10. Effectiveness and cost ist be ba to sul phvsi ns 


SOME OBSERVATIONS ON THE FORMA 
TION OF HYDROGEN SULPHIDE 
IN SEWAGE. 


Der. Artrucr LEDERER, 


f the Sanitary D trict of Chicaa 


When sewage undergoes anaérobic decomposition it releases hvdrogen 
tipnhide gas in varving quantities. often sufh ently large to be noted hy 
ts characteristic odor Phe odor ordinarily found at sewage purification 
1) ints is probably due in most part to decomposition products others than 


hvarogen sulphide such is indol, skatol, phosphine, methyl 


erkaptan, phenol, phenvlacetic-, phenvlpropionic-, acetic-, butvric- and 
tlerianic-acids and other compounds. In a general way we ate aware 
that absence of air will favor the formation of these malodorous produc ts 


of putrefaction, while in the presence of air decomposition may go on wit! 
out any odor whatsoever, ammonia and hydrogen sulphide being at once 
oxidized to nitrates and s ilphates 

Hydrogen sulphide may be produced from protem by purely chemical 
methods, such as fusion with caustic potash or by bacterial activity In 
sewages the formation of the gas ts largely due to bacterial action on the 
protein matter, this formation being similar to the formation of free am 
nonia, but the oxidation of hydrogen sulphide seems to depend much more 
ipon chemical influence than in the case of ammonia. 

The formation of hydrogen sulphide in sewages as derived from inorgani 
sulphates, first thoroughly studied by Beijerinck', has been demonstrated 
on numerous occasions to be altogether of bacterial origin Sufficient 
data are not available as vet to form a definite opinion on the importance 


of the development of hvdrogen sulphide from inorganic sulphates in 


sewage disposal plants. Recently Barr and Buchanan?’ reported large 
quantities of hydrogen sulphide in three sewage disposal plants, in which 
the sewage was very rich in sulphates. A specific organism, similar if 
not identical to the Spirillum desulphuricans of Beijerinck, has been iso- 
lated by these observe rs II \W Clark observed the reduction of sul 
phates in sewages and so have a few others \ typical sulphate reduction 


also takes place in the “biolvtic’’ tank (modified Dortmund tank) at the 


sewage testing station of the Sanitary District of Chicago, but no spec ifie 
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organism has been tsolated as vet Specific organisms, taking part in the 


formation of hvdrogen sulphide irom sulphates were observed also by 
Zelinski', Letts? and Van Delden Holschewnikotf* isolated a bacillu 
the bacterium sulphureum—which was in his opinion a sulphate reducer 
He claims to have found an increase in hydrogen sulphide on the additio 
of sulphates, but quantitative proof is lacking. He also obtained a stron; 
hvdrogen sulphide reaction on the addition of thiosulphat s Howeve 
this is a common property of many other bacteria 


Zelinski's dese ription ot the bacteriu 


/ 


> interesting, Inasmuch as he claims that the sulphates were decompose: 


under anaérobic as well as a@robic conditions SalkowskrP in investigating 


the source of the development of hydrogen sulphide in urine states that it 
is possible that sulphates might be the source of its formation but certain 
conditions must exist, which he has not been able to elucidat Huppert 
admits that hydrogen sulphide can be formed at a fairly high temperature 
from sulphates in the presence of organic matter. Nadson’ rather recent] 
described a reduction of sulphates in the presence of peptone under anaéro 
bic conditions employing pure cultures of proteus vulgaris. Hoppe-Seyler 
ascribes the sulphate reducing property to methane in the status nascendi 
Petri and Maassen’ accepted nascent hydrogen as responsible for the 
reduction. Murray and Irwine'® held that the reduction is due to the 
protoplasmic carbon of some microdrganisms, which first forms sulphide . 
Che sulphides are acted upon by carbon dioxide and hydrogen sulphide 
eventually formed 

There are a number of sewage purification plants in this country in which 
sulphate reduction has been noted, but little work has been done on thi 
causes underlying this interesting phenomenon. It is safe to conclud 
that spec ific organisms fill a very Important part in the process and that 
the formation of hydrogen sulphide from this source is to be clearly dis 
tinguished from the hydrogen sulphide accompanying putrefaction. For 
practical purposes it is immaterial from which source the hydrogen sulphid 
is being derived inasmuch as it draws impartially on the available oxvgen 
of the stream into which it is discharged Phe nuisance due to sulphate 


; reduction is particularly apt to occur in sewages rich in mineral sulphates, 


such as iron sulphate derived from pickling liquors In one case the total 
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nera sulphates in the crude sewage of the testing station in Chicago 
amounted to 23.2 p. p. m. of Sulphur (S), while the equivalent portion 
eaving the “ biolytic”” tank, in which sulphate reduction is marked, showed 
but 1.3 p.p.m.ofS. On passing the effluent, which had the typical “ rot- 
ten egg” odor, on to a sprinkling filter, the sulphates again increased to 
7.6 p.p.m.ofs. The filter was covered with a silk-like growth of beggiatoa, 
which are very rich in S granules and their oxidizing ability can be readily 
idged by the result spoke n ol Similar results have been obtained on 
ther occasions. The effluent of the sprinkling filter has been very rarely 


trescible although the influent contained at times as much as 40 p. p. m. 


ol hvdrogen sulphide Phe siuime sewayve, which lost the greater part of 
the sulphate s in the “bioly tic tank, showed only a slight reduction in the 
ymmon, old stvle se tank Lhe tron present has. of course, become 


combined with the generated hvdrogea sulphide and the soluble sulphides 
so that there were but traces of iron left as a rule in the effluent of the 
‘biolvtice’’ tank, although at times for very short periods the sewage car- 
ried as much as 100 p. p: m. of iron (Fe) and more. ‘The precipitation of 
the iron salt by the hvdrogen sulphide resulted in an effluent, which was 
particularly clear and low in colloidol matter but on storage free sulphur 
precipitated shortly The active reduction process in the “biolytic” 
tank is accompanied by and perhaps stimulates the reduction of organic 

trogenous and carbonaceous matter, as borne out by the analytical data 
obtained Altogether the observation points com lusivels to specific bac- 

It seems of interest to investigate the réle which some well known sewage 
bacteria and pathogenic bacteria might play in the reduction of sulphates 
n sewages or artificial sulphate media. Experiments along that line have 

the past been extremely disappointing except in the very few cases in 
which it has been possible to isolate or identify a specific organism hitherto 
inknown. Fitz! cultivated a large number of bacteria without getting a 
trace of reduction on adding sulphates Rubner® observed that bac- 
terial cultures in bouillon or peptone bouillon may actually increase the 

iantity of sulphates. In some of his experiments the sulphates remained 
intact. In other cases the sulphates became diminished until they could 
not be determined but the decrease was not accompanied by the formation 
of hvdrogen sulphide Lhe presence of sulphates did not seem necessary, 
however, when organic sulphur was present. 

\fter experimenting with a large number of artificial media containing 
sulphur in the form of inorganic sulphates exclusively, I decided on a 
medium containing ammonium tartrate 10 gms., glucose 10 gms., basic 


gm.. calcium chloride traces, sodium sulphate 


potassium phosphate 1 


> 
I 


; 
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10 gms. dissolved in 1 liter of water (medium “A” Another medium em 
ploved (medium “B™) had the same composition except that 50 mg. of 
glucose were added instead of 10 gms. It is claimed that if glucose is 
present in too large quantities, butyric acid fermentation may set in and 
the hydrogen sulphide reaction may be either absent or very much delayed 
(As a matter of fact there did not seem to be any noticeable difference in 
the sensitiveness of the reactions obtained with those two media during 
my experiments, but where one medium has been employed, “B” was the 
one resorted to. Some media, containing peptone im addition, have like- 
wise been emploved by me. They showed decided hydrogen sulphide 
formation on incubation with loopfuls of crude sewage, tank effluents, and 
sludges at either room temperature or at 37° CC. This hydrogen sulphide 
formation is not the reaction of any specific organism, but the mass action 
of all bacteria preying upon the organic sulphur present in the peptone 
Such decomposition is easily accomplished as will be noted later Lhe 
tests were qualitative only. However, the same amount of medium and 
the same size of loop were employed, so that a quantitative comparison 
of the results is justified. The hydrogen sulphide formation was observed 
in the first series of tests by inserting strips of filter paper, previously 
immersed in sterile lead acetate solution, into test tubes, the paper being 
fastened to the cotton plugs. A little glycerine was used in the preparation 
of the lead solution, so as to prevent the strips from becoming completely 
dried out on incubation 

The following cultures were used for incubating the various media 
B. coli, B. tvphosus, B. enteritidis, B. lactis, aérogenes, B. megatherium, 
B. mesentericus, B. claoce, Proteus vulgaris, B. acidi lactici, Proteus 
Zenkeri, Proteus mirabilis, B. mycoides, Sewage streptococcus, B. ochra 
ceus, Strept. mitus, B. pyocvaneus, B. fluor. non-liquefaciens, B. cholera 
suis, rose red coccus, B. prodigiosus, Staphyloc. pyogenes albus, B anthra- 
cis, B. dysentery and B. subtilis. One loopful of these cultures, grown on 
nutrient Agar, was inoculated into 10 c.c. of the sterile media “A” and 
* B,” containing sulphur in no other form but the inorganic. ‘The cultures 
were incubated aérobically at 37° C. 

Both media gave a negative result with every one of the species except 
B. cloace. B- cloace showed a slight but distinct quantity of hydrogen 
sulphide on the rim of the lead acetate paper, after four days incubation 
The liquid showed a decided bacterial growth. B pyocyvaneus and B 
fluor. non-liquefaciens also gave a decided growth but no hydrogen sul 
phide. B. subtilis showed a distinct surface growth and likewise no hydro- 
gen sulphide. A blank experiment was made in each case with sterile tap 
water as the medium. Chemical tests proved the absence of organic sul- 


phur in the various ingredients employed in making media “A” and “B."" 


Four strains of B. cloace were used at one time or another but a positive 
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hvdrogen sulphide reaction has not always been obtained \érobic incu- 


bation gave 9 positive and 3 negative results on 3 to 10 day 5’ exposure, 


Ana@robic incubation gave 4 positive and 3 negative results on 1 to 2 
weeks’ exposure Phirt, seven degrees proved more favorable than 
20° ©. or room temperature Whenever a reaction failed there was either 


no growth at all or verv little growth noticeable. In positive cases, the 
longer the exposure the more distinct the reaction developed, but even in 
the most favorable cases the quantity could hardly be called anything but 
distinet traces as compared to the amount of hydrogen sulphide generated 
by a culture of B. cloace in a 10 per cent. peptone bouillon solution 

(Quantitative investigation to prove an actual reduction of sulphates has 
not been undertaken. It is doubtful whether such an investigation would 
even prove successful, since there were never more than traces of hydrogen 
sulphide formed and unavoidable working errors might have resulted in 
differences possibly larger than the true differences Inoculations of B. 
cloacw into sterile tap water never resulted in hydrogen sulphide on incuba- 
tion. IL believe that the hydrogen sulphide formation in this case was not 
due to a sulphate reduction analogous to the reduction occurring with the 
Spiriillum of Beijerinck, but rather that a small part of the mineral sulphate 
hecame converted into organic sulphur in the bacterial body, which on 
decomposition released hydrogen sulphide It is very likely that some 
common forms of sewage bacteria take a part in the formation of hydrogen 
sulphide from the mineral sulphates under specific conditions, which have 
as vet not been reproduced artificially. 

Where the reduction is as marked as in the “biolytic” tank, spoken of 
before, there can be hardly any doubt of specific action. When I incubated 
medium “B” under aérobie conditions with a loopful of the sludge from 
that particular tank, | obtained in a few hours a decided hydrogen sulphide 
reaction on lead acetate paper. The sludges from two other septic tanks 
gave a weak reaction in the same period and the sludge from a plain settling 
tank showed no reaction at all When the incubation was extended from 
one day or longer all sludges showed a strong hvdrogen sulphide reaction. 
The sludge from the “ biolvtie”’ tank, incubated under anaérobic conditions 
also gave a distinct reaction in medium “ B.” 

It is also interesting to note that a number of the common sewage bacteria 
largely retard the oxidation of the black iron sulphide in sewage sludge. 
lest tubes containing a sterile medium consisting of 10 per cent. sludge 
in sewage were inoculated with loops of B. coli, B. ty phosus, B. enteritidis, 
B. megatherium, B. mesentericus, B. cloacw, Proteus vulgaris, Proteus 
Zenkeri, Proteus mirabilis, B. mycoides, B. pyocvaneus, B. fluor. non- 
liquefaciens, Staphyloc. pyogenes. albus and B. subtilis. The tubes were 
incubated aérobically at 37° C. Soon the blank, containing the sterile 


medium began to change. The black iron sulphide gradually became con- 


| 
| 
| 
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verted into brown basic sulphate from the top downward 1) ew 
all of the black color had disappeared The B. cloacae, B pvocvane 
B. fluor. non-liquefae liens tubes, after that time, still showed the blac 
color throughout, but the B. cloacz sludge began to show signs of ONIGa 
tion on the surface Other spec ies showed this effect to a much lesse1 


degree. With some species, as B, megatherium and B 


mesenteri ls, tine 


oxidation proceeded nearly iis quickly “as mn the bl; nk lve One cx 


of sewage, one loopful of river mud, sludge from the “ biolvtic”” tank, s pti 


tank and settling tank added to test tubes containing the medium prevel ted 
the oxidation of the sludge as long as they were under observation (te 


davs Howeve ew ol fresh lake water added to he Ste rile mediun 


quickly changed the blac k ( olor into brown \s amatter of tact, thre lowe I 
tube Was completely oxidized Werigo incubated OX1d) ed 


mud from the coast of the Black Sea with small amo int 


sterilized 


s of non-stentlized 


black mud, he era color of the oxidize d mate rial qui ( | al ved touts 


original blac ik. ‘| he black color Wis due to thr pre sence of iron sulphide 
Philippowitsch and Brussilowsky observed that the blackening ol t] it 
particular sterilized mud took place on incubation with the water from the 


coast and even river wate r | hey did not « onside! this re duc pros CSS 


due to sper ific bacteria b. phophorescens and B. typhosus likewise gave 


black color in the mud on inoculation 


Che question arises as to whether in a s« wage purification plant an efflu 


ent itl which ati active sulphate red it tion takes place should he looked 


upon as more putrescible simply because it contains more hydrogen 


phide or not. The old Hamburg putrescibility test, which consisted of the 
determination of the organi sulphur in the sewage effluents, did not take 
the inorganic sulphate reduction into account Possibly the formation of 
hvdrogen sulphide trom sulphates is more gene ral t} an is supposed | 


believe a distinct mistake would be made if the sulphates are disregarded 


Fortunately Spitta and Welder’s methylenblue test permits the normal and 
abnormal biological processes to proceed on a small seale The reducing 
compounds, formed, react no matter what their source may have beer 
The Hamburg putrescibility test assumed that organic sulphur is the mait 
source of the putrescent decomposition products Under ordinary condi 
tions, the hydrogen sulphide, released during the putrefactive process in a 
sewage purification plant, is hardly noticeable and can be detected in the 
majority of cases only by sensitive, chemical tests. Yet its development is 
general and proceeds continuously, just as does the conversion of highh 
complex nitrogenous matter into free ammonia 


That organic sulphur in protein bodies constitute sa source of hvdroge n 


> 
\\ 
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sulphide gas has been known fora long time. Petri and Maassen' observed 
this phenomenon with the B. erysipelatus suis. The work was originally 
undertaken by these authors with the view to establish, if possible, the 
relation between the formation of hydrogen sulphide and hog erysipelas, 
but it has since been found that practically all known bacteria form hydro- 
gen sulphide from protein compounds under certain conditions. The 
ability to form hydrogen sulphide will largely depend upon the amount of 
organic sulphur present. The authors mentioned employed a large number 
of species, most of which were pathogenic to animals. All of the species 
formed hydrogen sulphide. Rubner* also took a large number of cultures 
and inoculated them into extracts from the thymus, lung, liver and spleen, 
from which the inorganic sulphur had been removed. Hydrogen sulphide 
has been obtained whenever the growth was strong. Thus, he proved that 
the sulphates were not necessary for the formation of the gas. He dis- 
agreed with Petri and Maassen on the cause for the hydrogen sulphide 
development. Rubner concluded that the formation of hydrogen sulphide 
is not a secondary reduction process, due to the formation of nascent hydro- 
gen, contrary to the belief expressed by the other two authors. Stagnitta 

Balistreri®’, on working with twenty-three various species of bacteria, 
found that forty per cent. of them gave hydrogen sulphide in peptone 
bouillon and plain bouillon. He tried to obtain some quantitative data 
by comparing the extent of the color on lead acetate paper to the color of 
the papers exposed to known quantities of hydrogen sulphide. Petri and 
Maassen found that the addition of sulphates and thiosulphates will also 
result in the development of hydrogen sulphide. With regard to the thio- 
sulphates this has also been observed by Rosenheim and Gutzmann*‘. 

It has been stated that bacteria can not be classified as hydrogen sulphide 
formers and non-hydrogen sulphide formers, as was first supposed. 
On addition of 10 per cent. peptone bouillon to ten species, which had not 
reacted in bouillon containing less peptone, Petri and Maassen obtained a 
strong hydrogen sulphide reaction. 

I undertook to incubate the species, employed during my work, previ- 
ously mentioned, in media containing sulphur in various forms and found 
in a general way that the results coincided with the results of former 
observers. A medium of the same composition as medium “A” but con- 
taining sodium thiosulphate instead of sodium sulphate gave more or less 
hvdrogen sulphide in each case on aérobic incubation at 37° C. In a few 
cases the quantities were so small as to be hardly perceptible on lead ace- 


tate paper. Sulphur added to sterile sewage formed hydrogen sulphide 


\ 
\ H 
H 


| 
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aérobically with all species except B. lactis aérogenes, Proteus Zenkeri, 
Proteus mirabilis, B. pyocyaneus, Staphyvloc. pyogenes albus, B. anthracis, 
B. dysentery and B. subtilis. It is very likely that the number of positive 
tests would have been greater if more time had been allowed for incubation 
Plain bouillon gave a decided reaction only with B. enteritidis, Proteus 
vulgaris and traces with B. mesentericus. The rest proved negative on 
aérobic incubation for over one week. Lactose bouillon gave a strong 
growth with B. enteritidis and Proteus vulgaris. A few species showed 
traces of hydrogen sulphide in bouillon containing 10 per cent. peptone 
reaction+1). All cultures gave a hydrogen sulphide reaction sooner or 
later on aérobic as well as anaérobic incubation 

On repeating the experiments with 10 per cent. peptone bouillon several] 
times, it was interesting to note that the strong hydrogen sulphide formers 
gave a strong reaction throughout the entire series, while species giving 
weak reaction would on repetition always prove weak in the same length 
of time. 

I am not inclined to attach very much significance to this quantitative 
difference in the behaviour of the bacteria towards the organic sulphur in 
peptone though it might prove valuable to classify the various species 
distinctly as to their hydrogen sulphide forming properties. This can be 
done, providing, certain standards are adopted for time of incubation, the 
uniform composition and reaction of medium, temperature of incubation, 
age of culture, etc. The virility of the culture is a factor of great impor- 
tance. A rejuvenated culture will show hydrogen sulphide sooner than an 
old stock culture. Care was taken, therefore, to employ fresh cul- 
tures throughout the tests. 

In order to gain some information on the hydrogen sulphide forming 
properties of crude sewages in such a peptone medium a few quantitative 
experiments were made, which are given in the following: 

A 10 per cent. peptone bouillon was prepared and 1c. c. of an approximate 
10 per cent. sodium sulphate solution was added to each test tube to allow 
for a possible sulphate reduction. The quantity of medium in each test 
tube was exactly 15 c. c. A quantitative determination showed that the 
test tube contained 12.0 mg. of organic sulphur and 86.9 mg. of sodium 
sulphate anhydrous. Each test tube was provided with a tight fitting 
rubber stopper. The upper part of the thistle tube with a double bend 
fitted into the stopper and some absorbent cotton moistened with a sat- 
urated solution of basic lead acetate with 5 per cent. of glycerine was plugged 
into the funnel, so that all hydrogen sulphide formed would be bound 
chemically. One c. c. of crude sewage was added to the medium and the 
mixture incubated aérobically as well as anaérobically at 37° C. for exactly 
twenty-four hours. The test tube was then put into warm water to drive 


out any gaseous hydrogen sulphide in solution. The cotton plug and the 
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ibated liqt id were washed into an Erlenmever flask and the liquid 
acidified with sulphuric acid in order to release the hydrogen sulphide bound 
in the form of sulphides Lhe liquid was then distilled and the distillate 
received iN 100 er nitrate solution The distillate was made up to 
100 «. c«. thoroughly shaken, filtered and 50 ¢. c. of the filtrate titrated 


with N/ 100 potassium sulpho-cvanate solution, using ammonio-ferric-sul- 
rite solutior as an indicator 
Iwo tubes containing the sterile medium were incubated and served as 


blank tests. There is always some hydrogen sulphide split off even from 


10 per cent. peptone solution on mere boiling It is, therefore, absolutely 


necessarv to run blank tests The average of the blank tests showed that 


15 ec. c. of the sterile medium distilled with the acid under the same condi- 


Lions ; ave about 0.33 mg. of hydrogen sulphide 


s the inoculated cultures g 
le incubated for twenty-four hours and then distilled as 


ive O.59 meg. of hydroge n sulphide or an excess ol 


The steri medium 


hetore gave on an ave! 


0.06 mg. over the direct distillation. The figures remained the same for 
The hvdrogen sulphide figures 


in thre following t ible repress nt the vas with the blank subtrac ted Very 


a@robic as well as ana@robic incubations 


good checks have been obtained in each case for the blanks as well as for 


the inoculated media 


as N R H.s 
\ i 
p m 
wag 

14 8.8 9 2¢ 1.04 1.08 
SS } 6.4 SS 0.77 0 

”) 0 64 1.06 1] 

( 142 ( ) 1 10 

‘ 
v t sa n n nt e 


The results indicate that under ana@robic conditions, the quantity of 
hydrogen sulphide formed is somewhat larger, particularly in sewage No. 
t Apparently the other data obtained do not béar a distinct or definite 
relationship to the amount of hydrogen sulphide developed. This is to 
be expected since we know that the formation of hydrogen sulphide in 


sewages or in proper artificial organic solutions is a specific property of the 
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Cami ge iss 
UNIFORM HEALTH REPORTS. 
Health officers and others who have occasion to study and compare 
the annual reports of health departments find the task difficult, and not 
infrequently impossible. | No definite scheme is followed in most instances 
and the reports do not give the information sought or if it is given it is 3 
apt to be so obscured as to be worthless. It is certain that health reports 
are undergoing a marked improvement, and it may be said that in 
general the improvement is for the better. 
There is much information in the annual health records capable of 5 
uniform treatment. It must be recognized, to be sure, an annual report 
is presented primarily for the benefit and information of the officers of 
the city government and its citizens. Nevertheless, the out-of-town 
circulation is considerable and growing, and the up-to-date health officer 
is endeavoring to study the methods used, and the results obtained . 
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thereby, in other communities Phere are many apparent sO 
uniformity in certain respects is to be desired 

More than two vears ago, the Massachusetts Association of Boards 
of Health appointed a special committee on Uniform Health Report 
This committee presented its report at the last meeting of the associ 
tion, and is printed in full elsewhere in this issue of the Journal It is 
believed that health officers throughout the country will find much 
this report of interest and value and that it warrants a most carefu 
perusal. The committee, while recommending a certain degree o 
formity, strongly warns against the danger of too great a uniformity and 
states that “if greater uniformity in reports should encourage the healt! 
officer in complacently following the routine practice of other commu 
ties, it would be better to allow the present confusion to continue.” 


The committee had a difficult and exacting problem but it has handled 


it ina very thorough and satisfving manner We believe that this kind ot 
work is of the greatest importance. It is not of applicati n alone n 
Massachusetts. It should cause health officers everywhere to stop and 


take stock of their own reports and study them from the point of vi 


of improvement and uniformity 


THE CONTROL OF CANCER 


Still another scourge of man has called forth a movement to combat 
This latest recruit in the public health field is the American Society for the 
Control of Cancer. The new association is unique in that it Is attacking 
a disease the cause of which is unknown and regarding which the ignorance 
is profound. Its specific task is the education of the public to the recogni 
tion of the significance of certain symptoms and the necessity for early 
diagnosis and operation. As in the case of many of its sister societies, the 
initiative has been taken by leading members of the medical profession in 
America who have called to their side interested laymen to insure the eth 
ciency and suecess of the movement. It is understood that the patholog) 
of cancer will not be regarded as falling within the field of the new society 
but in addition to public education, careful studies will be made of the 
incidence and distribution of the disease as well as of the results of operative 
procedure. Ignorance of causation naturally renders the cancer problem 
more baffling than that of tuberculosis, or the other preventable diseases 
which the civilized world is now engaged in fighting. For that reason there 
is, perhaps, the greater need of initial steps and we welcome the new organ- 
ization to the group whose activities give vigor to the great public health 


movement of the day. 


PRACTICAL AND JUST LEGISLATION 
RELATING TO STREAM POLLUTION. 


\ 

| thre question Oot pr ectical and ust le vislation re- 
nu to stream 1 ’ 7) there is necessarv a thorough knowledge of the 
‘ tre . thre merous uses made of them under present day 
ns owe inderstanding of the sources and results of 

tion cl the é tlable for minimizing its effect on the streams, 

} ‘ ne hou ts prevention 

Streams px ble function of supplving water toriparian owners 
draining the territory through which thev flow They are used for 
er development, | avigation, and for irrigation. Certain fish in 
tries are dependent ipon them, and in modern communities the streams 

eC ser " more i ore as centers of health and recreation The rela 
portance of the several uses made of streams varies with local con 
“pure,” and in populated areas it 


} 


vater is seldom 
from farm lands 


tains drainage of all sorts irom undeveloped areas, 
country roads and from city streets. Mine 


d fertilized fields mn 
nave is cist harged to the streams, as well as wastes of all kinds Irom 
nufacturing establishments, and finally, domestic sewage from individual 

houses, from shipping, and from communities, small and large The water 
objectionable odor if 


hecomes colored and turbid, and ha have 


ntities of easily putresc ible organic matter Disease 


otten 


contains large qua 
re sometimes present, and the insoluble matters carried in suspension 


tten deposit on the bed and banks. It is thus evident that the question 
also, that distinction should be made between 


of pollution is one of ee, 
oidable and una la pollution. The degree of pollution permissible 
is largely determined by the use made of the stream, while the extent to 
ceable depends on the population contributing 


hive hy pollution becomes 
torv wastes, the natural character of the water and the 


ill times for dilution, the frequency and magnitude 


aracter of the river channel with respect to align- 


sewage and manufac 
olume available at 


cl 


and natural or 


ol flood flows, and the 
irtificial obstructions to the free flow of the 


ment, grade 


water 
Che present rapid growth and congestion of population, accompanied 
by the increased variety and volume of liquid from industrial 
64 


wastes 


Legislation Relating to Stream Pollution OHO 
Ss, has bro gl nal ol I eTs to a Vs CO \ 
he mimerous WwW made ot them renae form of 
ive control Phi é for such control is reased by thu 
‘ tion between political boundaries and 1 tural drainage are ) tine 
thbilitv or unwillingness on the part of individuals and communiti ) 
provide and maintain suitable works for the treatment of polluting matters 
ind to the facet that the parties re sponsible for the pollution of a stream are 
ften those who would be the least benefited by keeping it clean 
lo a considerable extent streams clean the through natura ven 
Cs such as sedimentation, aération and consequent oxidation of easils 
treseible organi matters, and the removal and disposal of sludge de 
posits by freshets ind currents Ir/ means which mav emplo ed 
lor maintaining rivers in an unobjectionable condition include | thie 
regulation, from a hydraulic standpoint and with a view to providing wu 
form flow. traight channels, good grades and smooth beds. 2) the dredg 
ng of deposits, and (3) the collection and treatment of pollu mg matters 
to their discharge into the streams The efhicienev of the 
vencies, as well as the applicability of the various artificial means of brin 


hh about the desired results, depends Ith Cue h Case Upon local conditions 


he degree ot ¢ leanliness a¢ tually } racticabdls heing ntrolled largely bv cost 
River cleaning must also be considered in its proper relation to 
branches of municipal activities 

There are some streams located entirely within the po itical boundaries 


f individual states, and others whose drainage areas extend into two ot 


re states \ few of our streams also constitute international boundaries. 
nd there is a further distinction between tidal or nav igable waters, and the 
nnavigable portions of streams The national government, through th 


War Department, very properly exercises a certain control over tidal and 


navigable waters The states, in some instance sacting through their boar 


ds 
of health or specially appointed commissions, attempt to prevent the serious 
pollution of streams within their boundaries. River control and regulation 
has also been undertaken in some metropolitan districts as well as in indi 
vidual municipalities, and in mans instances much of good has been accom 
plished But on account of the fact that the supervising officials often 
have very little real power, and because their supervision seldom extends 
over entire drainage areas, the results are not all that could be desired 

It is therefore important that steps he taken to provide suitable legisla 
tion looking to the maintaining of our streams in a reasonably clean condi 
tion, and as there would be many advantages in having such legislation 
more or less uniform throughout the country it might be made subject to 
the approval of some national governmental agence: 

It is not desirable to have laws prescribing the exact degree of cleanliness 


to he maintained. hecause the proper degree will differ for each set of con 
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and thie cleantline ss of the water 1s only one phrase ot the 


rene! il rt 


Legislation should provide for boards of control having power to deter 
mine, in each individual case, the limits of permissible pollution. [It should 
ilso define the methods of appointment, or election, of such boards, their 
membership, powers, and duties, and their relation to existing governmental 
yencies, as well as determine how money shall be raised for carrying on 
their work 

Phe boards of control may be advisory and supervisory with police 
ituthoritv like many of the existing state boards of health. the actual con 
struction and operation of works being left to individuals and municipali 
ties, or they may have complete power to raise money and to build and 
maintam works of all kinds, like the Sanitary District of Chicago and the 
Emscher Federation of Germany. The relative advantages and applic- 
ibility of the two types will vary with local conditions 

Che Emscher Federation is, in many respects, the most interesting river 
board now in existence, and as six vears of operation have proved that it 
is founded on correct principles, the author presents a translation of the 
statute under which the Federation works, as well as a description of 
the conditions in the drainage area of the Emscher River and an account of 


the work ace omplishe d 


rHE EMSCHER FEDERATION 


Emscher Distr jus to the Format the Federat 


Phe drainage area of the Emscher River is located in the heart of the coal and ron industt 


il 

istrict of western German It covers in area of SOS square m les and has i population of 
2.000000 Essen, the largest city in the district, now has nearly 300,000 inhabitants, 

in increase of more than 100 per cent. during the past ten years; while ten of the other mu- 
| ties have a population of more than 50,000 each The average density of population 


r the entire drainage area is approximately 6,500 per square mile 

some of the coal lands are stil undeveloped, but they are being ope ned up vear bv Vvear 
it the present rapid increase in population is likely to continue, and the conditions, 

ma sanitary standpoint, would naturally become worse rather than better 
The main stream has its source in the vicinity of Dortmund, and flows ina yene ral weste rly 
ction for a distance of 68 miles to the Rhine which it joins at a point 50 miles below Cologne 
125 miles above Rotterdam Phe total fall in the course of the Emscher is nearly 400 
et; but there are long stretches where the bed of the river has practically no slope and the 
elocity of flow is slight Some of the land in the district is under cultivation The soil 
rather impervious, however, and wooded areas are not extensive, so that there would natur- 
be a small flow in the streams during dry weather. Practically no ponds or storage 
rs are to be found within the watershed. On the other hand, the rainfall (approxi- 
10 inches annually) is distributed uniformly throughout the vear, and the normal yield 
the watershed is increased by the sewage of some cities which obtain their water from other 
ge areas. Water is also discharged into the river from coal mines, of which a number 


located close to the limits of the district, being pumped out of the ground from depths 
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Phe Prussian Government had ea 
pl le proper sewerage, without stating defi 
se ware In 1902 a number of tl me s et aff 
J thie n of the rT ‘ | i | | I 

estigat n ind outlining a plan of act I ne 
general problem were irefuliv studied verts ) ft f eng 

cher Wasserbauinspektor Middeldorf, was present n J 1OO4 

It contained, in addition to a descript mprehe 

the construction of sewers, purihcation plants ) ! t I 

tributaries; together with the draft of a bill t 0 presented to t Pr in ‘ n I 

creating a permanent Federation and board of control t harge of the lertal 

lhe work to be done by the Federation, as ind tigat 
vutlined as follows 

l lo compel the cities and towns t pr le and iin proper drainage and s 
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APPROVED TECHNIQUE OF THE 
RIDEAL-WALKER TEST. 


The following details of the Rideal-Walker fest have been collated 
from the literature of the subject, published during the past ten vears, 
and mav be taken to represent the method as officially adopted at the 
present time in Great Britain and the British Colonies. In this, as in all 
other arbitrary tests, the need for strict observance of the conditions 
laid down by the authors cannot be too strong!|\ emphasized It has 
always been found when discrepancies Ith re sults obtained by the Rideal 
Walker method were investigated, that one or more of the conditions 
called for in the test had been ignored In the case of the Lancet Commis 
sion, for instance, the explanation was found to lie in the fact that the 
commissioners had been working with broth prepared from bullock’s 
heart instead of Liebig broth, which had the effect of depressing all co 
efficients by about 50 per cent 

It is hoped, In presenting the following details of this test in a form 
which admits of easy reference, that the difficulties hitherto experienced by 
workers in this country in controlling the manufacture and sale of dis 


infectants may be met and overcome. 


Requirep ror Tesi 
Nutrient Broth. 


Liebig’s Extract of Meat 20) grams 
Peptone Witte’s 20 

Salt (Sodium Chloride, C. P 10 
Distilled Water 1 litre 


Boil the mixture for thirty minutes, then filter, and neutralize with 
normal sodium hydrate solution, using phenol-phthalein as indicator 
In order to avoid contaminating the broth with phenol-phthalein it is 
advisable to take an aliquot part of the filtered broth—say 10 c¢. ¢ 
and titrate this with decinormal sodium hydrate, calculating the amount 
of normal sodium hydrate necessary for the neutralization of the remainder 
of the broth. Add when quite neutral 15 ¢. c. of normal hydrochloric 
acid. This will give the broth a reaction of + 1.5 per cent The broth 
is then made up to the litre, filtered and sterilized. Where two or three 
litres are prepared at one time, as is customary, the broth is distributed in 
500 ¢. c. flasks on the following day and again sterilized. Five c. c. are 
then run with the aid of a small separating funnel into sterile test tubes, 


| 
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which, after plugging with sterile cotton wool are placed in the steam 
sterilizer for half an hour or so. 
Standard Carbolic Acid 

As carbolic acid crystals are very often contaminated by cresols to 
such an extent as to make them unreliable for purposes of bactericidal 
control, their purity should be established by a determination of the 
solidifving point (point of constant temperature) on at least 50 ¢. c. of 
the material with the thermometer in the liquid. The point is very sharp, 
the thermometer showing a constant temperature for a period of from 
five to ten minutes. The solidifying point of the crystals is 40.5 but 
anvihing over 40.0 may be accepted. A 5 per cent. (by weight) stock 
solution is then prepared and standardized by titration with decinormal 
bromine. From this solution (which keeps indefinitely in’ stoppered 
bottles) the various working strengths are made up by diluting some 
comparatively large quantity, such as 100 ¢. ¢., to the desired volume; 
this serves to eliminate the error introduced by measuring out small 
quantities of strong acid 
Dilutions of the Disinfectant. 

A stock solution or emulsion should be prepared in 100 ©. ¢. stoppered 
evlinder, with sterilized distilled water—10 per cent. if the coefficient 
be under 1, and 1 per cent. if over 1. Ten ec. ¢. of this stock solution 
are used in preparing each of the 4 dilutions required for the test. Thus, 
working with a sample having a coefficient under 1, if it is desired to 
prepare a dilution of 1:70, 10 ¢. ¢. of the 10 per cent. stock solution are 
diluted with 60 ¢. ¢. of distilled water, and in the case of a preparation 
having a coefficient over 1, where the dilution required is 1: 700, 10 ¢. ¢. 
of the 1 per cent. stock solution should be diluted with 60 ¢. c. of water. 
In preparing dilutions of the unknown, the limitations of the test must 
not be overlooked. The following is a safe rule for general work, express- 
ing the dilutions as multiples of the carbolic acid dilution: 


With coefficients of 1 and under x 0.1 
With coeflicients above 1 but not exceeding 10 x OO 
With coefficients above 10 but not exceeding 20 ; oan 1.0 


For example, assuming that the strength of the carbolic acid contro! 
he 1: 100, when it is desired to test a sample having a coefficient of 10, 
the dilutions to be recommended would be 1: 950, 1: 1000, 1: 1050, 1: 1100. 


The Broth ( ulture. 
B. typhosus, grown in R. W. broth and incubated for 24 hours at 37 
C. provides the test culture. To insure even distribution of the bacilli in 


> 


the broth culture, and to avoid the necessity of filtration, the culture tube 
should be shaken and allowed to rest for half an hour before it is finally 
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removed from the incubator, the temperature of w hich should not \ ary more 
than half a degree from day to day It is advisable to make a sub-culture 
every 24 hours from the previous 24-hour culture, even if on many days 
no test is to be performed; but as this tends to attenuate the organism 
it should be continued for not more than one month, after which a fresh 
sub-culture in broth should be taken from a month-old agar culture 


By this means a culture not varving much from day to dav in resistances 


to disinfectants is obtained, making the selection of the proper dilution 


of carbolic acid much easier than it would be if the culture from which the 


24-hour growth is obtained were older on one occasion than on another 


Apparatus Requirep ror Test. 
The R-W apparatus as shown in Fig. l ma he obtained from 
Arthur H. Thomas Company, of Philadelphia, Pa 
Test Tube Rack:. 
A special rack is used. It contains two tiers, the upper having holes 
for 30 test tubes, in two rows, each row containing three sets of five; 
this tier is for the sterilized broth tubes, each of which is numbered with 


grease pencil. The lower tier is for the medication tubes—four with dis 
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infectant dilutions and one with the carbolic acid control dilution, the 
latter being placed in the fifth hole. The lower tier is provided with a 
copper water bath to keep the temperature of medication within the 
prescribed limit—-15° to 18° C. The test tubes being numbered in rota- 
tion it will be seen that the first medication tube is used for inoculating 
broth tubes, 1, 6, 11, 16, 21 and 26, the second for 2, 7, 12, 17, 22 and 
27, etc. 

Inoculating Needle 

The needle used should be composed of thin aluminium rod, with a short 
piece of platinum wire (26 U.S. gauge) passed through and twisted round 
an eve in the end of the rod, or otherwise firmly fixed thereto. The wire 
is made into a loop at the end and bent slightly in the center to allow of a 
fair sized drop being taken up for each inoculation. Satisfactory results 
cannot be expected when one tube is inoculated with a full drop and a 
mere film is introduced into another. The length of the wire to end of 
loop should be about 1} inches. After a little practice it is easy to obtain 
a satisfactory drop by dipping the needle in the medicated culture and 
bringing it out with a slight jerk. The loop used bas an internal diameter 
f 3 m. m. 

Test Tubes. 

The test tubes should be of fairly strong glass so as to minimize as far 
as possible the risk of breakage, and lipped, to facilitate manipulation of 
plugs. Five inches by 2 inch is the size recommended for use. The 
cotton wool plugs for both medication tubes and broth tubes should be 
well made, so that they can be withdrawn and replaced without loss of 
time. A convenient method is to place a thin flat piece of cotton wool 
over the mouth of the test tube, with a smaller piece in the center to form 
a core, and to push both into position with the aid of a thin glass rod. 
Dropping Pipette. 

This is used for the broth culture and is standardized to deliver 0.1 c. c. 
per drop. It is loosely plugged at the top with cotton wool, and when not in 
actual use is kept in a sterile test tube plugged at the mouth with cotton 
wool. For greater convenience the tube should be passed through the 
center of the plug and fastened thereto with wire. 

In addition to the above, one or two each of the following are required: 
1, 5 and 10 ©. c. pipettes; 100 and 250 ¢. c. stoppered cylinders (with 
inverted breakers, to safeguard against dust after removal from sterilizer) ; 
wire baskets to receive tubes for incubation or sterilization. All pipettes 
and evlinders should be standardized. 

TECHNIQUE. 
Before commencing the test it is necessary to ascertain the carbolic 


acid control dilution which will give the desired result — i. ¢., life in 2} 
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and 3» minutes lhis is done bv running a tral test with 5 dilutions « 
carbolic acid only—say, 1: 80, 1: 90, 1: 100, 1: 110 and 1: 120. Five « 
of the control solution so ascertained are then pipetted into the fift] 
medication tube, the other 4 receiving 5 c. c¢. of the various dilutions o 
the disinfectant under test To save time and apparatus, one pipette 
can be made to do service at this stage by starting with the phenol solu 
tion and following on with the highest or lowest dilution of the disin 
fectant, according as the coefficient is below or above one. rinsing out the 
pipette in each case with the next dilution before measuring off the sample 
for test. 

The plug of the culture tube is now replaced by the culture pipette which, 


as explained above, has a plug attached to it with wire. at such a height 


that when the plug fits easily into the mouth of the culture tube, the 


point of the pipette is half way down the broth, and clear of the clumps 
The first of the five medication tubes is now inoculated with five drops of 
the culture—. e., 0.5 ¢.c. At intervals of half a minute each of the other 
medication tubes is inoculated in turn. By the time the fifth tube has 
been inoculated the organism in the first will have been exposed to U 
action of the disinfectant for two minutes, and after the next half minute 
a loopful of the latter is inoculated into the first broth tube, loopfuls fron 


the other medication tubes being in turn inoculated into their respective 


broth tubes at the rate of one every thirty seconds, By the time the fifth 
broth tube has been inoculated from the fifth medication tube, the disin- 
fectant in the first medication tube will have acted on the test organism 


for 4} minutes, and after the next thirty seconds a loopful is introduc 
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nto broth tube 6, and so on. The actual test, therefore, occupies 17 


minutes, and proy ides for six 2'-minute periods of contact in each of the 


five medication tubes 

It is open to the worker, of course, to adopt any convenient method of 
manipulating the tubes and plugs. The following procedure is given for the 
yvuidance of the inexperienced. See Fig. 2). The first medication tube is 
taken from the rack and the contents gently agitated for a second to en- 
sure even distribution of the bacilli; the plug having been taken out and 
grasped by the left little finger, the tube is held between the back of the left 
forefinger and front of the second. ‘The corresponding broth tube (No. 1) is 
taken up by the right hand and transferred to the left between the thumb 
and forefinger, the plug being extracted and held by the little finger of the 
right hand. The tubes now being in position for inoculation, the needle, 
which should have been sterilized before the tubes were touched, is intro- 
duced into the medication tube, from which a loopful is taken and inocu- 
lated into the broth tube. The needle is sterilized in the flame, (placed to 
the right) and pushed with a movement of the thumb well up between the 
first and second fingers of the right hand; the plugs are then replaced, 
the medication tube going back to the rack while the broth tube is subjected 
to a gentle agitation and placed in a wire basket on the right of the rack. 
This basket containing the thirty inoculation tubes and test form giving 
particulars of the dilutions, ete., is now placed in the incubator where 
it is allowed to remain for 48 hours at blood heat, when the results are 
read off. A moment’s consideration of the manner in which the test has 
been conducted will suffice to indicate where the results of each sub- 
culture should be placed in the table. 

The following details of a test of pyxol show the form in which the 
results are set out; incidentally it shows the degree of refinement to which 
the test can be carried with a little practice and care. (See page 581. 

The strength or efficiency of the disinfectant under test is expressed in 
multiples of carbolic acid, and is obtained by dividing the dilution of the 
disinfectant showing life in 2} and 5 minutes by the carbolic acid dilution, 
which, of course, must show the same result. In the present instance this 
‘figure of merit’, or Rideal-Walker coefficient is 20.0. 

To avoid annoyance and loss of time caused by aerial contamination 
of tubes, ete., it is advisable to conduct the test in a room freefrom draughts; 
a further safeguard is provided by spraying or swabbing the floors and 
benches with an efficient disinfectant solution. Needless to add, all pipettes 


ete., must be rigorously sterilized before use. 
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STANDARDIZATION OF DISINFECTANTS: 


Some Suggested Moditications. 


H. ©. Hamittron anno T. Ouno, 
Detroit, Mich. 


As sources of infection and modes of contagion become more generally 
known, so also the need for efficient disinfection is more generally appre- 
ciated. For many years carbolic acid or phenol proper was the first and 
almost the only substance thought of as a real germicide, other substances, 
as copperas and chloride of lime, being commonly recognized as deodorants 
only. Sophistication of these agents was probably not practiced to any 
considerable extent. 

The advent of proprietary articles for disinfection opened the way for 
the exploitation of more or less valuable substances of a similar character 
to phenol but with claims of greatly increased germicidal value. The 
question naturally arose: Are they more or less valuable than carbolic acid 
in the recommended dilutions? 

So insistent is this question that bacteriologists vie with each other in 
suggesting methods by which the value can be determined. From the 
Garnet Method of Krinig and Paul to the latest one to be proposed, that 
described in Bulletin 82 of the Hygienic Laboratory is a long step. This 
development, however, has been a process of evolution. The methods 
now employed are modifications of the fundamental principle first published 
by Rideal and Walker (Journ. Royal San. Inst., 1906) that the value of a 
disinfectant can best be determined in the laboratory by exposing filtered 
bacteria suspended in culture medium to the action of the diluted disin- 
fectant, the maximum efficient dilutions of sample and of pure phenol being 
compared to determine the coefficient of the sample, a value which is neces- 
sarily relative. 

Suggestions have been made by various workers to modify the details in 
the process. Blythe and others (Journ. Soe. Chem. Ind., 1906) suggested 
the addition of organic matter; Chick (Journ. of Hyg., 1908) that the 
velocity of the reaction between organism and disinfectant be used as a 
determining factor; the Lancet Commission (London Lancet, 1909), 
the use of B. coli communis in bile salts medium as the organism; Anderson 
and MeClintic (Bulletin 82, Hygienic Laboratory) without suggesting any 
radical change, reviewed the published methods and adopted from them, 
those details which, when slightly modified, seemed to them to meet the 
requirements for a simple and accurate method. This is a logical course 
to pursue and since the Hygienic Laboratory Method, as its authors prefer 
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to call it. has been recommended bv the Committee of the Ame in Publi 
Health Association for adoption and has in fact been adopted by some of 
the State Boards of Health, it seems advisable to suggest at once any 
changes which will simplify, shorten or improve the process of standard 
izing disinfectants 

The authors of this paper contributed to the literature on the subject 

tm. Journ. of Public Health, 1912), a description of the method in use for 
ten vears in the laboratory of Parke, Davis & Co. for standardizing disin 
fectants Since the public ation of the Hy gienic Laboratorv Method, both 
methods have been used as a means of becoming familiar with the details of 
the latter and of comparing tlfe results obtained by each 

In the course of this work, various modifications have suggested them- 
selves, some of which seem of sufficient value to be publishe | 

Organism Without an question it is essential that the same strain of 


results 


the same organism must be used in order to insure uniformity 
The coefficient obtained with one strain of B. typhosus may be 50 per cent 
to 100 per cent. higher than that obtained by using another. Even the 
same strain,——B. typhosus (Hopkins), obtained from the Hygienic Labora 
torv—changed in its relative resistance toward phenol and other coal tat 
disinfectants to such an extent that coefficients obtained with it as the test 
organism were 50 per cent. higher than with a fresh culture 

Without special precautions and even in spite of such precautions a 
culture may change imperceptibly until the results with it are not compara 
ble with the values previously obtained 

Whether the facts above noted are peculiar to the Hopkins culture or 
to its being grown in the culture medium adopted by the Committee for 
the Bacteriological Standardization of Disinfectants, this being the one 
used by Anderson and MecClintic, has not vet been determined. A later 
publication will take up this phase of the problem 

Tem perature Experiments have been conducted which prove that 
more uniform results may be obtained from day to day by working at a 
constant temperature. Within reasonable temperature limits the coef- 
ficient at different temperatures remains fairly constant because of testing 
the standard under the same condition. But since the temperature factor 


is considered of importance by most writers this feature may be adopted, the 


advantage to be gained, however, is not in accuracy but in uniformity u 
daily results 

Seeding Tubes. The use of wide seeding tubes recommended by the 
Lancet Commission and incorporated in the Hygienic Laboratory Method 
gives greater opportunity for accidental contamination This, however, 
may not be serious since if not too frequent the illogical results occasioned 


by this factor are easily detected and can be ignored in drawing conclusions 


T¢ m pe rature Ad ustment When the wide tubes ire used and the tem 
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perature is to be adjusted as first recommended by Rideal and Walker a 
convenient way to carry it out is to have a sheet iron pan three inches deep 
and of such dimensions that the perforated block suggested in Bulletin 82, 
Hygienic Laboratory, will exactly cover it and rest on its edges (see Fig. 
l Such a pan will hold sufficient water to keep an even temperature for 
an hour —the time required to test 60 dilutions for a period of 15 minutes 
each. The block must be modified by being made only seven eighths of an 
inch thick and have the holes bored through. When placed on any flat 
surface, the seeding tubes will stand upright in a convenient position for 
filling. After filling the measured disinfectant solution into the tubes, the 


hoard can be placed over the pan for the succeeding steps of seeding and 


Fig. 1 
subculturing. The tubes will pass through the holes to a depth of two 


inches below the bottom of the board till held by the flange. 

Sterilizing Loops. Two simple adaptions of the Lancet Method for 
sterilizing the platinum loops have been used. One of these (see Fig. 2), 
consists of a firmly supported slab of asbestos placed in a slightly inclined 
position. At the higher edge of this slab a disk of sheet iron bent at 
right angles along its diameter is fastened in such a way that the handle 
of the loop will lie in the bend in a horizontal position at such a height as to 
he in the flame of a fish tail burner. A spring under one side will raise that 
side slightly above the horizontal to keep the loop over the flame. A slight 
pressure will depress the disk enough to roll the loop off after which the 
disk returns to the position for holding the next loop. The sterilized loop 
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rolls down the slightly inclined slab to an obstruction or to the lo p pre 


viously sterilized \ cut-out in the asbestos slab under the handles of the 
loops makes it easier to pie k them up This simple apparatus has several 
points in its favor: Ist, it requires only one small flame for sterilizing 
2d, the wire is never heated more than 15 seconds Sd. the coolest wire is 
4 alway s nearest to the operator; tth. only one hand is needed to operate it 
| y 
since the flame is stationary; 5th, the whole apparatus can be devised from 
apparatus and material at hand in any laboratory 
é The other method illustrated (see Fig. 8) makes use of a revolving holder 


for the platinum loops. The axis of this holder is the Bunsen burner tubx 

The handles of the loops are held upright in a slot in which thes can be 
tilted so the loop is either in or out of the flame. Very few movements are 
necessary to operate this method and it has several advantages over others 


One of these is that there is nothing to get out of order, another, that a 
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blue flame is used, thus avoiding the formation of carbon on the wires 
Phis oceurs occasionally with a fish tail burner and is verv destructive to 
the wires 

thridged Methods. When many dilutions are to be tested, especially 
when one knows approximately what dilutions of the disinfectant will not 
vive growth at 2) minutes and those that will allow growth after 15 min- 
utes, it is possible to shorten the time of testing and to use fewer tubes of 


culture medium by discarding the strong dilutions after one or more sub- 


Fig. 3. 


culture have been taken out, and substitute the weaker dilutions which 
would certainly have given growth if subcultures had been planted after 
only short exposures. 

First. A scheme was outlined to set two rows of ten seeding tubes, each 
with dilutions of the disinfectants to be tested. If dilutions of phenol and 
two disinfectants are to be tested, the twenty seeding tubes containing 
them may be arranged in the board as follows: 

Phenol A B 
120 180 140 500 550 600) 1600 1700 1800 1900 
100 110 350 400 450 1200) 1800) 1400) 1500 


l 2 5 t 5 6 7 Ss 9 10 


é 
= = 
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Phe “90 dilution” is seeded first and during the 15 seconds allowed for that 
step, the “120 dilution” is also seeded: then the 100 and the 1380 dilutions 
during the second 15-second period. An assistant is needed to shake the 
tubes before returning them to their proper low ations \\ hen all have he 1 
seeded in the 23 minute period, then a subculture is taken from each tube 
in the lower row. After this, tube 120 is substituted for 90, 500 for 350, 
and 1600 for 1200. After the 5-minute subcultures have been planted, 150 
is substituted for 100, 550 for 400 and 1700 for 1800. After the 74-minute 
subcultures have been planted, then 140 is substituted for 110, 600 for 
150 and 1800 for 1400 After the 10-minute subcultures have been planted 
1900 is substituted for 1500 and no further changes are necessary 

Phe results can best be recorded by using a diagram representing the 
rack containing the subcultures, the diagonal line passing through the first 


subculture of the higher dilution. 


20 {130}140 


120 |130|140 


| 
120 |130|x40 | 
120 


| 
0 }110 ae 
| 
90 |100 |110 
Second. This was later further shortened by making subcultures only 


at 24-minutes and 15 minutes, according to the following scheme 


4 


| 
2 | | 


4 and 3: 2} minutes. 2 and 1: 15 minutes 


In the rows 1 and 2 are placed the seeding tubes containing such dilutions 
of the disinfectants as should show both growth and no growth in 15 min- 


utes. In rows 3 and 4, such dilutions as should show both growth and no 
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growth in 24 minutes The rows are seeded in order, 1, then 2. then 3: 
ifter which subculture ure taken from 3 Chen tis seededand immediately 
subcultured Phen the first and second rows are subcultured suc ‘essively 


Bv this scheme only 20 minutes are required to seed and subs ulture Li) 


dilutions and only 40 tubes of medium are needed 
All the data necessarv for the coefficient is obtained by this method 


sine ie coethet is based entirely on the greatest dilutions which kill 


the bacteria in 24 and 15 minutes One can choose either a great range in 


dilutions or have check dilutions, since no time is gained by having fewer 


than 40 dilutions 
Whe only objection to he advanced against these abridged methods 
s that without the results between the 2} and the 15-minute subcultures, 


wrong conclusions mav be drawn These, however, are corrected by check 


The foregoing points are offered, not as criticisms on any method, but 


suggestions applicable to methods commonly used They may be helpful 


o others as they have been to us in simplifying and shortening an irksome 


process.—From the Research Laboratory of Parke, Davis & Co., Detroit, Mich. 
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THE BACILLUS OF WHOOPING COUGH 
AND THE LESION IT PRODUCES. 
F. B. M.D., 


Pathologist to the Boston City Hospital and Associate Professor of Patholoqy, 
Harvard Medical Scho l 


ts Association of Board H t I Mass, A 


Last summer, while going over the autopsy from a case of Whooping 
cough microscopically with one of the internes, I made the observation 
that between the cilia lining the trachea there seemed to be innumerabl 
minute organisms present. That was the starting pot of the investiga 
tions which I have the pleasure of reporting to vou today. I will speak 
very briefly of the first historical side of whooping cough from the patho 
logical point of view and then demonstrate what we have found 

In 1890 Bordet and Gengou discovered an organism in all of the acute 
cases of whooping cough which they examined, but it was not until 1896 
that thes were able to obtain the organism in pure culture They were 
also able by using an emulsion of the organism and serum from the patient's 
blood to get a complement fixation test. That fact showed pretty con 
clusively that the patient produced an antibody for the organism, and that 
has been the basis of the proof since that the organism causes the disease 
But although the bacillus is generally accepted by the bacteriologists us 
the cause of whooping cough, it has not been accepted to any extent by 
the medical profession, because no lesion was ever demonstrated in con- 
nection with the organism, only the organism in connection with thu 
disease 

In 1908 Klimenko repeated the work which Bordet and Gengou had 
done, confirmed their results, and made certain experiments with pure 
cultures on animals. He inoculated about thirty puppies and a few mon 
keys and studied their symptoms. The puppies nearly all died in the 
course of a few weeks. They developed coughing and sneezing but neve 
whooped. After the animals died or were killed he was able to obtain the 
pertussis bacillus again from them in pure culture 

The organism is exceedingly minute and looks a good deal like the 
influenza bacillus, but it does not require hemoglobin in order to grow 
On the other hand the only medium on which it is possible to start it mul 
tiplving is a potato-blood-agar mixture devised by Bordet. The bacillus 
grows very slowly at first and forms minute transparent colonies which 
in time enlarge and acquire a slight brownish color, but not very much 
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\fter a certain amount of artificial cultivation it can be grown to some 
extent on other media 

The bacillus is Gram-negative, non-motile and varies in shape from round 
to al 

Figure 1 shows the lesion we found in the trachea of a child who died 
from whooping cough at the end of two weeks. Masses of minute bacilli 
are packed in between the cilia of the epithelial cells. They number dozens 
to a hundred or more over each cell. Figure 2 shows them more highly 
magnified so that the separate organisms can be made out distinctly. 

The bacilli seem to act mechanically only. They interfere with the 
action of the cilia and thus furnish a continuous irritation which excites 
coughing of a spasmodic type. Finally the coughing, which is not able 
to remove the organisms, is followed by a violent intake of air, the whoop. 

Figure 3 is from the trachea of a patient who survived six weeks. A few 
bacilli are still present between the cilia but most of them have disappeared. 

Examination of some lung tissue preserved from a case of whooping 
cough which came to autopsy fifteen vears ago showed masses of similar 
organisms in the same characteristic position between the cilia of the 
epithelial cells lining the bronchi. 

It has been possible to study lung tissue from two other cases of whooping 
cough and in both of them the same lesion was found. The organisms 
occur only between the cilia and occasionally free in the secretion. They 
were never found within the air sacs. In two of the cases studied, broncho- 
pneumonia was present, but it was due to a secondary invader, the pneu- 
mococcus, not to the whooping cough bacillus. 

While the action of the organism is chiefly mechanical it evidently 
secretes a certain amount of toxin. This is shown in three ways. There 
is a slight inflammatory reaction. Leucocytes in small numbers migrate 
through the wall of the trachea. The blood of whooping cough patients 
always shows a certain degree of lymphocytosis. Finally the blood serum 
develops an antibody which renders it possible to obtain a complement 
fixation test. 

The finding of these lesions in human beings naturally suggested experi- 
mental work on animals. We first inoculated sputum obtained from acute 
cases of whooping cough into the trachea of a puppy and also into that of 
a rabbit. In both instances we obtained a lesion corresponding in every 
way to that found in human beings as these two lantern slides clearly 
demonstrate. 

We next set about obtaining pure cultures and after considerable effort 
succeeded in doing so. We found that the easiest way to inoculate an 
animal with the organism was to make a suspension in bouillon and then 
pour it gently a drop at a time into the animal's nostrils. In this way it 


was compelled to inhale more or less of the culture. 
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Whooping Cough Bacillus 


l Ciliated epithelium lining trachea of child dying in 
s of minute bacilli present between cilia. x 1,000 


2.—Ciliated epithelium lining trachea from same cas x 150 
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We were able in this way to duplicate in puppies and rabbits the lesions 
which we had found in the human cases. Finally we used for inoculation 
purposes a strain of organism which came originally from Bordet and with 
it obtained the same result 

Phe work on human beings has been controlled by the study of dozens, 
I might say of hundreds, of cases. There is no question about the organ- 
ism occurring in whooping cough and not in any other disease, and of its 
relation to the lesion. Up to three days ago it seemed as though the work 
on animals was equally sure, but on that date Dr. L. J. Rhea, who was 
interested in the distemper in dogs, examined the trachea from a dog which 
died of that disease and made the interesting but unfortunate discovery 
that a similar organism is present between the cilia of the cells lining the 
trachea and bronchi. In other words, we have in these animals, that is in 
the dog, and in rabbits, guinea pigs and cats, a lesion produced by an 
organism closely resembling that which causes whooping cough in man 
His observation necessarily throws a certain amount of doubt on our 
experimental work and also in Klimenko’s because, although we started 
with the whooping cough bacillus and got it back, as we believed, in pure 
culture again, the lesion which we have been examining may have been 
produced by this other organism. ‘There is no way of telling them apart 
histologically in sections It means that this part of the work, the experi- 
mental part, will have to be done over again. We must control our work 
more carefully, being sure, in the first place, if we possibly can be, that the 
animals are not infected with the bacillus bronchisepticus, as it is called, 
and getting back bevond question the bacillus of pertussis. The two 
organisms look much alike, when grown on Bordet’s medium, but they can 
be distinguished by the use of special media, especially of litmus milk, 
because the bronchisepticus produces a great deal of alkali and turns the 
milk intensely blue. It is also motile and the whooping cough bacillus is 
not 

It is unfortunate but that is the present state of the question. The 
work has at least called attention, however, to a peculiar lesion which 
occurs not only in whooping cough but in the distemper of animals. The 
two organisms will have to be investigated more thoroughly and their rela- 


tion to each other ascertained. 
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hacteriological diagnosis 
The several bills calling for reorganization of the state board of health 


have not been reported upon by the Public Health Committee though the 
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The bill introduced by (ssociation 


providing a state standard for clean milk was given a favorable report by 


the Legislative Committee of this 


unanimous vote of the joint committee and is now at the third reading 


stage in the Senate 


This bill is now Senate 492 and in view of the prob; ble failure of other 


members 


milk measures at the present session vour committee urges thre 


of this Association to assist in the passage of this particular bill 
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REPORT OF COMMITTEE OF THE MAss- 
ACHUSETTS ASSOCIATION OF BOARDS 
OF HEALTH ON UNIFORM HEALTH 
REPORTS. 

M 

Phe Committee on Uniform Health Reports Was appointed 
at the suggestion of Prof. Selskar M. Gunn who presented to 
this Association at the January meeting, 1911, a paper on 
“Modern Board of Health Methods in Small Cities.” In 
the preparation of the paper the writer had occasion to 
study the reports of fiftw-six of the smaller cities of the 
United States, and found it impossible to obtain from them 
the data he desired 

It may perhaps seem to the Association that this com- 
mittee has been dilatory in preparing the report, but it was 
found that the subject was one which required very careful 
consideration. Many long sessions were held and various 
points involved were discussed with local health officers in 
Massachusetts, some of whom have taken the trouble to 
be present at the meetings The committee has also carried 
on a considerable correspondence with fe leral officials and 
with other persons interested in the subject 

Every one who has ever attempted to study any phase 
of public health work in the reports of the local health officers 
has had a most discouraging experience The reports 
seem usually to be prepared without plan. Not only do 
they differ from one another in different cities but are for 
the same city, for different vears, greatly unlike. While 
the majority of them are for the calendar year many are 
not, and even if they contain good tables of vital statistics, 
they are of no value for comparative purposes. Most 
reports are very unsatisfactory as regards their statistical 
tables as is well illustrated by the fact that twenty-four of 


printed so that tl Zz 
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the fiftw-six reports above referred to, failed to give the 
population, and most of them arranged the causes of death 
ilphabetically instead of according to the International 
Classification which has now been ofhcial in this country 
or over a decade Not long since a member of this com- 
mittee wished to learn the number of cases of scarlet fever 
ind diphtheria for the last ten vears in the prine Ipal cities 
of the country It might be thought that an exact state- 
ment of the prevalence of these diseases would certainly 
vw found in everv health report, but the desired data could 
be obtained from less than half the reports of our most im- 
portant cities It is rare indeed to find a financial statement 
which is satisfactory or even intelligible, and a comparative 
study ol expenses, based on health reports, is entirels out 
of the question It has been argued that the local health 
official is not called upon to give information for the use of 
other cities, but we are all constantly learning from one 
another, and efficiency requires that every health officer, 
and every municipality, should furnish to others a clear 
account of what is being done to protect the public health. 
And in any event the same plan of report, the same material, 
and the same care in preparation, are necessary for the 
enlightenment of the citizens in one’s own city, as for the 
information of health officers in other municipalities. Every 
citizen is entitled to know just what his health officials are 
doing, how much each phase of public health work costs, 
and the pre valence ef different diseases, and he should be 
able to compare the data with those for preceding years. 
It was to facilitate the preparation of useful reports, and 
to suggest a certain necessary degree of uniformity, that this 
committee was appointed, and we accordingly present the 
following plan, or sketch, of a report, of which the accompany- 
ing tables are perhaps the most essential feature. Although 
the committee was appointed by the Massachusetts Asso- 
ciation of Boards of Health, it has believed that it ought not 
to confine its attention to local conditions and needs and 
has therefore sought the assistance of the United States 


Publi Health Service and of the Census Bureau and of a 
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number of persons in different parts of the country who are 
actively interested in the promotion of public health 

While a certain degree of uniformity in health reports 
is desirable, the committee wishes strongly to emphasize 
the danger of too great uniformity At the present time 
many of the most active leaders and promoters in the field 
ot public hy giene, have, as one of their chief aims, the pro- 
motion of uniformity in public health work. While more 
uniformity is desirable in some directions, there is great 
danger that the tremendous authority which universal 
custom gives to any procedure will stifle all initiative and 
experiment, and will so crystallize the practice of the time 
that the art of sanitation will fail to respond to the teachings 
of sanitary science. If greater uniformity in reports should 
encourage the health officer in complacently following the 
routine practice of other communities, it would be better 
to allow the present confusion of our reports to continue 
Even the particular forms recommended by the committee 
are not intended to be absolutely binding or perpetual. 
Individual officers should, it is true, waive merely minor 
personal preferences or local custom, in order to align their 
reports with others, but if, after careful consideration, an 
officer devises what he believes a more efficient presentation, 
it will be in the line of progress to make use of it. While 
changes in the scheme of formal reports are always to be 
deprecated, additions are ever welcome. Progressive officials 
will continue to strike out on new lines of work and the 
result should always be presented with care and fullness 
in their reports. 

The accompanying scheme for a report has been worked 
out primarily for cities of moderate size. To officials in smal] 
communities it may at first sight seem too elaborate for 
their use, but it is so only in appearance. Such officials 
will simply report on the work which is performed in their 
own communities, and omit whatever does not apply to 
their department. Many cities on the other hand may 


perform functions not referred to in the committee's scheme, 
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and the health reports of such would be expanded accord 

The committee most urgently requests all health officers, 
and particularly those of the smaller communities, not to 
be alarmed at the size of this report, or at the apparently 
elaborate scheme presented It would have been folly to 
present a scheme which would not include the great bulk 
f public health work It is believed that the scheme can 
be as easily followed in a health report of eight pages as in 
of eighty pages 


Let no health ofheer. of even the smallest town. cast 
aside this scheme until he has compared his last report 
with it and noted how little additional work would be re 
quired, and what small additions would be necessary, in 
order to bring his report into alignment with it 

Where there is a health ofheer giving onlv a part ol lis 
time to the work, and no other emplovec s, the report would 
consist of a short financial statement giving the appropria- 
tion and the expenditures, which, besides the health officer's 
salary. should specify the few additional expenses according 
to their purpose as indicated in the schedule. Then should 
follow a brief account of the health officer's work in the 
order shown \ few figures as to inspections, visits, et 
might be inserted in appropriate places. In connection 
with contagious diseases there should certainly be given 
a table of cases and deaths for ten vears. Lastly there should 
be given the vital statisties In a small place, where the 
births, deaths and marriages are few, it is not much work 
to prepare these tables 

If the health officer gives all his time to the work, or if 
a school inspe tor. or bacteriologist. or milk inspector, is 
emploved, one after another of the headings in the scheme 
will be found to be useful and will. be successively added 
to his report and the appropriate tables will be included. 
Thus the size and complexity of the report will grow with 
the amount and complexity of the work 

With this introduction the committee submit the following 


report whi h ‘ onsists of: 
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I. A form for report suitable oO ‘ ore 
health department such as should be ) i cities of SO.000 
inhabitants and over and somet sto i ee 
If. A form for reports for smaller places 
Notes explai Im det | cle | 
by various items in the scheny d the reas 


for the recommendatior 


IV. Model tables 


H. Davis. M.D 
SELSKAR M. Guy 
¢ 


SUGGESTIONS FOR UNIFORM 


HEALTH 
REPORTS 


1. Main titles at 


re essential and should be luded 1 
reports. Subtitles are suggestio subdivi ‘ ma 
titles and may be still further desired Phe 
main titles should he used in thre (| hie er) is head 
ings for the corresponding subjects 

2. The different subjects consider Id 
have the same relative position each ve 


3. When a titk 


the jurisdiction of another depa ‘ the fact should be 
noted under that tith ind possible. some informati 
should be given 
When a title covers | 
been done durtng the vear, the fa mild be noted 
e Dd. If the report covers more than filt pages, al dex, 
or at least a table of contents, should be ided 
6. The size of the report should be 9 x 6 inches, unless a 
local ordinance prese ribes a different size This will allo 
é about 63x33 inches for the printed page Do not use a 
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folded insert if it can be avoided. 1 


Amplified Form for Cities of 30,000 or Over. 
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Bacteriologr al Laboratory 


ments on pre’ ale nee OL em h disease dur- 
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| xaminations for diphtheria di 
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ever, 


! ete Special Work 


t. Isolation Hospital 


Nun her ot cases of each dise 


ase treated 


Percentage re moved to Hospital 


Re turn cases 


Per capita cost 


\verage length ol stay in hospital for each dis- 


| wing Cases and deaths tabulated separately. 


lable IV. 


5. Care ot cases outside of Hospital 


6. Control ol Puberculosis 


7. Distribution ol (Antitoxin 


Administration of Antitoxin 


results. 
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8. Vaccination 
9. Disinfection 
Methods 
Cost 
10. Maritime Quarantin 


E. Inrant 


Milk stations 
Nurses, et 
Table \ 
» F. SCHOOL INSPES ION 
State whether school or calendar vear is covered 
Details of work 
School physician's report 
Table VI 
School nurse's report 
Table VII 
G. Foop INsPpEecTIoN 
l. Dairy inspection 
Dairy inspector's reports 
2. Milk inspection 
Milk inspector's report 
Laboratory work 
chemi 
Samples examined , 
bacteriological 
Table VIII 
Table IX 
Table X 
3. Ice cream 
+. Vinegar Inspection 
Inspector's report 
5. Bakeries 
6. Drug inspection 
7. Meat and provision inspectio 
Inspector's report 
8. Inspection of slaughterhouse and of animals at the 
time of slaughtering 
Inspector's report 
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Nuisances 
Anv special work which needs to be noted 
I. Munieirpat Wastes 
House offal and garbage 
Define term (rive figures in tons or cubic 
vards, not loads 
Method of collection 
By municipality——by contract—by individuals 
how olten 
Method of disposal 
By burning—by burving—by feeding to swine : 


by sale—by dumping at sea, ete. 
Cost of work 
Make distinction between cost of collection 
and disposal, when possible 
Ashes and combustible waste. 
Ii separated, note fact 
Table XI. 
J. INspecTION OF PLUMBING. 
K. Researcu, EpucationaL anp Pusuiciry Work. 
L. Orner pone DuriInG THE YEAR. 
This title should cover all work done by the Board of 
Health not included in other titles, and each subject should 


be treated separately 
M. Ruves Passep Since Last Report. 

N. Locat 


QO. RECOMMENDATIONS 
P. STATISTICS 


Tables NIT to XVI. 


Simplified Form. 
\. Tirte Pact 
B. Names or Mempers or Boarp. 
In small towns where Selectmen act as Board, give of 
name of Agent or Executive Officer, with office hours, 
if necessary 
C. FINANCIAL STATEMENT 
Table | 
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D. Diseases DANGEROUS TO THE PUBLIC HeALtTH.* 
Give short account of the occurrence during the vear 
Fable II 
Table III 
E. Inrant 
Fable \ 
F. INSPECTION 
Table VI 
Fable VII 
G. Foop Inspection. 
Special reference to milk and dairy Inspection 
Table VIII 
Tables IX. and X 
H. NUISANCES. 
1. Municipat Wastes. 
Garbage. 
Ashes. 
J. INSPECTION OF PLUMBING. 
L. Orner Done DvurRING THE YEAR 
M. Ruves Passep Since Last Repor’ 
P. ViTaL STATISTICs. 
Table 
Table 


State whether population is census or estimated: 


if estimated follow directions on page 614. 


NOTES ON SCHEME FOR REPORTS. 


\. Always indicate clearly whether the calendar vear 


or some other vear is covered by the report It is very de 


sirable that all reports be made to cover the calendar year. 


This is the custom in most cities*and those which do not 


conform to it can usually easily arrange to do so. It is more 
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difficult to make the financial statement fit the calendar 
vear if the city government has made provision for a fiscal 
vear differing from the calendar vear, but in such cases 
there ts little objec tion to having the fiscal table cover a 
period different from the calendar vear. So, too, in school 
statistics, it is usually simpler, and it is the custom, to make 
use of the school vear rather than the calendar vear. For 
statistics relating to communicable diseases, and for vital 
statistics, as ordinarily understood, it is very important for 
purposes of comparison with other places, that a calendar 
vear should be used. In every instance where the calendar 
vear Is not made use of it should be plainly stated 

B. It is an equal convenience to citizens, and to officials 
in other cities, to find in each report a list of all the officers 
and employees of the department. It is entirely feasible to 
print such a list if the city is not too large. If the number 
of employees is so large that heads of divisions or bureaus 
are appointed, it will probably not be desirable to print the 
names of all employees, but merely of the heads of divisions, 
so that citizens and correspondents may know to whom to 
apply for information. When this is the case, it is desirable 
when reporting on the work of each division, to give the 
number of employees, such as inspectors, physicians, nurses, 
division clerks, ete., emploved in each division. On the 
other hand, in a small town where the selectmen are the 
board of health with only one health official, all that would 
be necessary is the name and address, and perhaps office 
hours, of the health officer. 

C. The chief value of the financial statement of a health 
report is in showing for just what purposes the taxpayers’ 
money is expended. Many reports merely give a list of bills 
paid, which is all right for the auditor, but is pure waste 
of time and space so far as the health department is con- 
cerned. Other reports, while giving the amounts expended 
for various purposes, classify these in such a way that the 
report is of little use to any one and not comparable with 
the financial statements of other cities. The most impor- 


tant functions of the health department are indicated in the 
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committee’s scheme for the general report and the same 
headings, though not necessarily with exactly the same 
subheadings, or in exactly the same order, should appear 
in the financial statement. While it is the purpose of the 
financial statement to show the cost of the different kinds 
of publie health work, it is recognized that it is very difficult 
if not impossible to distribute certain expendilures in this 
way. Hence some of these general expenses have beet 
grouped in the proposed financial statement, under “General 
Administration.”” It was found difficult to decide just 


what expenses should be placed here, and doubtless in some 


cities some of these items as postage, printing ete., might 
be distributed among the succeeding headings, but after 
careful consideration, the arrangement here presented was 
decided on and, for the sake of uniformity and to promot: 
comparison, it is hoped that it will be generally followed 
In most respects the committee's scheme recommends sub- 
stantially the same distribution of expenses as that recom 
mended by the Federal Census Bureau* except that the latter 
separates the expenses for publicity and education according 
to whether they are for the prevention of communicable 
diseases, the protection of child life, ete. Our committee 
believe that in most health offices this would be rather dif 
ficult and so have suggested placing all such expenses in a 
single item. The order, too, of Mr. Power's schedule, is 
slightly different. This committee’s form of financial state- 
ment was designed to correspond as closely as possible with 
the usage of the Federal Census Bureau so that bureau 
may be able easily to utilize local health reports for its 
comparisons. 

It is not by any means difficult or laborious to prepare a 
financial statement of this kind. By having a card for each 
heading such as Postage, Laboratory, School Nurses, Mos- 
quito Extermination, etc., and, when each bill is paid, or pay 
roll prepared, entering the amount on the proper card or 
cards, very little time is consumed. In a city expending 
$60,000 a year it was found to take not more than six or eight 


*See paper by G. L. Powers on Unifo \ ( 38 


Bureau, 1912 
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hours in a year, and probably nearly as much time would 
have been consumed in preparing the meaningless sort of 
statement which usually appears in health reports. 

It is often desirable t compare the expenditures of the 
vear with those of the prey ious vear and it is suggested that 
this table have two columns for this purpose though it Is not 
considered essential The lines must be spaced farther apart 
so as the make the table easier to follow and it will then 
often be necessary to continue it on a second page to 
which there is no objection. 

I>. It ought to be possible by a perusal of the health re- 
ports of a city to learn the methods employed. It is not 
necessary, or in the line of economy, to print an extended 
des ription ea h vear, but reference should be made to pre- 
vious reports in which the workings of the department, or 
anv of its divisions, are to be found. The introduction of 
new procedure s. or modification of old ones, should always 
he noted with fullness and care. This is particularly impor- 
tant in connection with the management of communicable 
diseases, for the present time calls for a more critical study 
of these methods than they have ever received 

It is especially important that the prevalence of these 
diseases, for a series of vears, if possible, should be made 
plain, and for this purpose the committee suggests certain 
standard tables The table showing the number of cases 
and deaths from the different contagious diseases (Table III 
should cover at least ten vears if the data are available 
Better still it should give the figures during the whole period 
of notification, by vears if possible, but certainly by five 
vear periods, as 1891-1895, 1896-1900, ete. 

Among matters which it is important to discuss are dura- 
tion of isolation, methods of maintaining isolation, and rules 
for determining the duration of isolation, the control of school 
children in the family, and of wage earners in the family, 
and the restrictions applied to other members of the fam- 
ily. If definite rules are in force they should be printed 
in the report for the vear when adopted, and perhaps referred 


to in succeeding reports. The method of dealing with car- 
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riers, particularly with diphtheria and typhoid fever carriers, 
should be noted 

Any local outbreaks due to milk, to water, ovsters, school 
attendance, carriers, contact, flies or any other cause, should 
he carefully reported If such reports have been published 
elsewhere, as In a medical journal, it is economical to give 
merely the salient features and refer to the « omplete report 

Any wide spread prevalence of disease or change in severity 
should be noted. Outbreaks of unusual diseases as smallpox, 
cerebro-spinal-meningitis and pohlomvelitis ought to be 
most carefully reported 

Outbreaks in institutions should be carefully reported 


The amount of bacteriological work should be given and 


unusual or research work should be described in detail. In 
referring to diphtheria cultures state whether nose or throat 
cultures, or both. are taken, So also in examinations for 
typhoid bacilli, state whether urine or feces. o1 both. were 
examined 

Cases of contagious disease dereloping outside of the com 
munity and brought in for treatment in hospitals or else 


where should be included in Tables IT and II]. as should all 


cases dereloping in the community thoug! else 
where 

It Dany Cuses which de veloped or were ol tracted outside 
of the city are brought into” the city, t may olten he 


desirable for epidemiological reasons to show these in a 
separate table But such cases shi uld of course be ilwavs 
included in Tables Il and III 

Reports of American hospitals for communicable diseases 
are woefully deficient It is usually impossible to learn 
from them even the proportion of cases removed to the 


hospital for the vear ol the report, vet suc h figures shoul 


be given not only for the current vear but for a series of 
vears. The duration of hospital isolation for livin ind 
for dead cases should be iven for each disease This is 
important for studying the per capita cost of hospital isola 
tion and fer the study of “return cases” and many other 


epidemiological problems It Oocenasiol } That “a 
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cease discharged from the hospital infects some one in the 
family when it returns home, thus giving rise to what are 
called “return cases.” The study of these cases, and par- 
ticularly of the “infecting cases,”” which cause them, throws 
much light upon such important subjects as duration of 
infection, the determination of infectivity, mode of infection, 
period of incubation, methods of prevention, ete. Every 
hospital should ascertain with great care the number of 
“infecting cases” discharged, and ‘should report them fully, 
together with duration of isolation, condition as to desquam- 
ation, mucous or purulent discharges, presence of infecting 
bacteria and the interval before development of the secondary 
return) case. How many American hospitals furnish such 
data, data which are often clearly shown by many English 
hospitals? Unless great care is used in searching for these 
recurrences many of them are sure to be missed. 

Cross infection in the hospital ought also to be reported 
in the same careful manner as the above. 

Infection of the staff, physicians, nurses and other employ- 
ees, should be reported with similar detail. 

The prevention of tuberculosis is now occupying much 
of the attention of health officials and has enlisted much 
private activity. The proper differentiation of public and 
private effort and the best lines of direction for efficient 
work are still matters for study and discussion. Every 
health report should show definitely just what the munici- 
pality is doing in the way of notification, following up of 
cases, nursing supervision, pecuniary assistance, clinics, 
day camps, fresh air schools, hospitals, sanatoria, publicity 
and investigation. It would not be much of an addition 
to the report, and would greatly assist investigation of the 
subject, if the work of other agencies than the health depart- 
ment along these lines should be referred to briefly. 

It is believed by most that the free distribution of anti- 
toxin is necessary for the successful control of diphtheria. 
Others think that the municipality should provide a physi- 
cian to administer the antitoxin. If such is done the report 
should clearly state the amount distributed, the number 
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of persons treated and the number immunized, with the 
results and cost. Any facts bearing on anaphylaxis should 
be given. If in any city the municipal distribution of other 
antitoxin or vaccine is undertaken it should be reported on 
in the same way. 

The question as to the efficiency of terminal disinfection 
is attracting much attention, as is also the question of the 
utility of such disinfection. The methods in use should 
be described. If tests of effic iency are made thev should 
be given in detail. The cost of the service should be given 
in the financial statement. If the official disinfection con- 
sists in part in cleansing, such as washing floor, woodwork 
and furniture, is should be so stated, and it would be desirable 
to separate the cost of this from the usual routine gaseous 
disinfection. So, too, the fact, and cost if possible, of steam 
disinfection should be noted. If any thing is done to secure 
the direct disinfection of typhoid excreta, or if disinfection 
is done to destroy malarial or vellow fever mosquitoes, or 
plague vermin, such should be noted and the cost civen, 
separately, if possible. As many believe that the ordinary 
routine terminal alleged disinfection by formaldehyde is 
not efficient, and others think that it is not necessary, it 
seems wise to set down in black and white just what this 
procedure costs. The number of tenements disinfected 
for each disease should certainly be given. Some reports 
give besides this the number of rooms “fumigated,” the 
number of pieces of goods steamed, and the quantity of 
the different materials used. In order to study the value 
of terminal disinfection it is desirable that the recurrences 
of disease after the termination of isolation should be noted. 
Unless the recurrences are carefully sought for they are 
‘likely to be overlooked, and data, unless accurate, are worth- 
less. The interval between the beginning of the disease 
and the termination of isolation and the recurrence should 
be given in the report. It should also be stated clearly 
whether the recurrence is in the family or in another tene- 


ment tn the dwelling. 
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Kk. As regards the prevention of infant mortality condi- 


tions are much the same as with the prevention of tuber- 


culostis It is new work, requires new methods and enlists 
private as well as public effort. The relative amount of 
work carried on by public and private agencies varies in 
different cities The report should set forth what is 
being done and by what agency Details should be given 


in regard to publicity, distribution of literature, visiting 
nurses or physicians, day camps, milk stations, baby clinics, 
talks to mothers, instruction of “little mothers,” ete. It 
is desirable that the cost of these various activities be sepa- 
rated as much as possible. To assist in determining the 
value of these methods a good table of infant mortality 
should be presented giving the causes of deaths by age 
periods, and the deaths by months. The classification 
numbers used in Table V indicate the diseases which the 
committee believed ought to be specified There is no 
objection to specifying every disease which causes death 
under one vear. In any event it will usually be necessary 
to continue this table on a second page and to space the 
lines so that they may be easily followed. It is’ very 
desirable that there should be another table giving the 
deaths under one year and the rate per 1,000 births for 
each vear for at least ten vears. This, however, is not 
prescribed as essential, as Is the other table 

F. The reports of school inspection have been properly 
criticised as often being prepared in a careless and unscientific 
manner. As was before said, the report should definitely state 
whether it is for the school vear or the calendar vear. The 
former is more convenient for tabulating and is more often 
used and is, therefore, preferable for purposes of compari- 
son All the different lines of work should be described, such 
as general medical inspection, nursing, and special inspec- 
tion, as by oculists, dentists, neurologists, ete. Methods for 
securing treatment for conditions found should be described 
and results given. Tables showing the work of physicians 
and nurses are necessary and models for such are here given. 


Of course they can be greatly extended and others added 
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al the pleasure of local officials The number ol st | ools in 
the community should be given and the number of pupils, 
also the number of physicians, nurses, ete. emploved and 
their salaries 


In tabulating the work of physicians and nurses it is 
extremely important to distinguish between the 
examinations and the number of pup examined and also 
between the number of defects and the number 
children. There is often the greatest confusion in reports 


as to this, and in every table, and in every other place wher 
figures are used, care should be taken to specify just what 
is intended. Care should be taken in the use of the words 
or “defective children.” It is easy to mislead 
the public by using such terms in connection with such 
comparatively minor matters as pediculosis and ¢ neral 
dirtiness. The proportion of “defective children” can thus 
be swelled to alarming figures 

H. Probably privy vaults are the nuisances most danger- 
ous to public health. The report should show how numerous 
they are and what steps have been taken or are being taken 
for their removal If action has been taken to render them 
fly proof, the methods and results should be reported 
The construction recommended for vaults and privies should 
be described and the result of attempting to secure such 
construction should be given. A tabular statement should 
be given of the number of nuisance inspections made, of the 
number of formal orders issued and the legal action taken 
and its results 

(Any interesting work in the abatement of important and 
unusual nuisances such as offensive trades, burning dumps, 
or stagnant water should be reported If troublesome 
problems, such as are presented by the sanitary control of 
allevs, garbage receptacles, stable manure or chicken-killing 
establishments, have been partially solved, a statement 
should be given of what has been done 

I. Great difficulty is usually encountered in attempting 
to obtain from health reports accurate information in regard 


to the collection and disposal of municipal wastes and the 
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cost of the same It is true that in many cities, perhaps in 
most, waste collection is not a function of the health depart- 
ment, but in many it is and whenever this is the case citizens 
and others are entitled to all the facts 

In the first place terms should be made clear. It should 
he noted whether the term garbage is restricted to kitchen 
refuse or whether market and store refuse is included If 
private collectors (licensed scavengers) collect any con- 
siderable amount, it should also be stated. If garbage 
includes combustible refuse as it does in some cities, or 
ashes and combustible refuse as in other cities, it should 


he so stated. It should appear whether the collection is 


by the municipality or by contract, and if possible the number 


of wagons, horses and men employed should be given. The 
amount collected should be given either in cubie vards or 
tons, the latter preferably. The amount should, if other 
data are ay ailable, never be qiren in terms of loads. In g1\ ing 


the cost, the cost of collection and the cost of disposal should 
be given separately. Information should be given as to 
frequency and times of collection, the location of receptacles 
and length of haul, as all this very decidedly affects the 
expense. If there is a contract it is well to note with whom 
it is made and how long it has to run. 

If ashes or combustible refuse are collected separately 
from garbage the facts should be presented with the same 
detail as to amounts, wagons, men, horses and place of 
collection, length of haul, contract, ete. 

The method of disposal of the different kinds of refuse 
should be well described, whether by sale (and if so the 
ultimate disposal), by dumping, by towing to sea, by render- 
ing or by cremating, ete. If cremation or rendering is 
employed the particular process should, at the time of its 
introduction, be described in detail and the reference to 
the description given in succeeding reports. 

P. Vital statistics are at once the foundation of sanitary 
science and the test of sanitary practice. While it is not 
necessary for small communities to make a detailed study 


of the data, every town which publishes a health report 
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should present a table of the causes of death for the vear 
of the report, by ages and sex. This is absolutely essential 
It. is also essential that this table should be comparable 
with similar tables in other reports. This fundamental 
table (Table XIII) as here presented is approved by the 
officials of the Census Bureau It is almost as important 
that the total deaths, the population and the death rate, 
be given for a series of years The committee, therefore, 
recommend as essential Table XII 

Many other tables giving births and deaths by wards, 
by months, by nativities, parent nativities, etc., would be 
of undoubted value wherever a more detailed tabulation 
and analysis is possible, and especially in the larger cities 
And for all such cities it is recommended that to the two 
tables above required, Tables XIV, XV, and XVI be added 

Here in the United States most interesting conditions 
exist. Many nationalities dwell in the same city and often 
times in the same ward, vet have different habits of living 
Wonderful opportunities are thus afforded for comparing 
the various peoples, and for learning the dangers peculiar 
toeach. Tables XIV, XV, and XVI, based upon a division 
of the population by birthplaces of mothers, will permit 
such comparison of different nationalities in the same city 
and of each nationality in different cities 

In the tables of deaths must be included every death 
occurring in the town or city represented by the table 
No exception must be made on any pretext whatsoever 
If, however, it is desired to show in a separate table, or 
paragraph, deaths of non-residents, or deaths in institutions, 
or the deaths in any other special class, there is no objection, 
but all such must in every instance be included in the tables 
recommended by this committee. Stillbirths are not to be 
included in tables of deaths but the death of every child 
born alive, whether premature or not, even if it lives only a 
fraction of a minute, must be included. 

In communities in which the colored population is consid- 
erable, Table XIII may be repeated so as to show all the 
facts for the whites in one table and for the colored popula 
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